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NOMENCLATURE 


H (TO) 

Moo 

Po 

Poo 

qoo 

Re„,  Rfioo/ft 

To 

Voo 

X»  XSURF 
a 

P« 

0 

(1) 


Heat  transfer  coefficient  based  on  To,  BTU/ft^- 
sec-“R 

Freestream  Mach  number 
Tunnel  stilling  chamber  pressure,  psla 
Freestream  static  pressure,  psla 
Freestream  dynamic  pressure,  psla 
Freestream  Reynolds  number,  ft“^ 

Tunnel  stilling  chamber  temperature,  “R 
Freestream  velocity,  ft/sec 
Model  surface  length,  in. 

Model  angle  of  attack,  deg 
Model  roll  angel,  deg 
Freestream  density,  slugs/ft^ 

Body  surface  angle 

Circumferential  location  of  pressure  orifice 
and  heat  gages  (positive  clockwise  looking 
upstream) , deg 
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1.0  INTRODUCTION 


The  work  reported  herein  was  sponsored  by  the  Space  and  Missile 
Systems  Organization  (SAMSO),  Air  Force  Systems  Command  (AFSC)  and  the 
Research  Division  of  the  Directorate  of  Test  Engineering  (DOTR),  of 
the  Arnold  Engineering  Development  Center  (AEDC) $ AFSC  under  Program 
Element  63311F  AF  control  number  627A-00-8.  The  work  was  performed  by 
ARO,  Inc.,  AEDC  Division,  (A  Sverdrup  Corporation  Company),  contract 
operator  of  AEDC,  Arnold  Air  Force  Station,  Tennessee.  Project  moni- 
tors were  Capt.  R.  J.  Chambers  and  Mr.  E.  R.  Thompson  for  SAHSO  and 
AEDC,  respectively.  ARO  project  monitor  and  principal  investigator 
was  Dr.  M.  0.  Varner.  Inquiries  to  obtain  copies  of  the  test  data 
should  be  directed  to  either  of  the  following:  SAMSO/RSSE,  P.  0.  Box 
92960,  Worldway  Postal  Center,  Los  Angeles,  CA  90009,  Attn;  Capt. 

R.  J.  Chambers;  AEDC/DOTR,  Arnold  AFS,  TN  37389,  Attn:  E.  R.  Thompson. 

A copy  of  the  final  data  is  on  file  in  microfilm  at  AEDC. 

Tests  were  conducted  in  the  50- in.  Diara  Hypersonic  Wind  Tunnel  (B) 
of  the  von  Karman  Gas  DynamJ.cs  Facility  (VKF)  on  January  23,  30,  and 
31,  1978,  under  ARO  Project  No.  V41B-W6.  The  objective  of  the  test  was 
to  determine  the  smallest  bound ary- layer  trip  which  was  effective  without 
producing  flow-field  disturbances.  This  test  phase  was  planned  as  a 
preliminary  Investigation  for  a more  detailed  study  of  boundary-layer 
trip  influences. 

Heat-transfer  measurements  were  obtained  to  identify  transition 
locations.  Flow-field  data  were  obtained  with  pitot  probes  and  both 
shielded  and  unshielded  total  temperature  probes.  Model  surface 
pressure  and  temperature  distribution  were  also  obtained.  A new  on- 
board probe  system  was  also  used  during  this  test  phase. 

All  data  were  obtained  at  a nominal  I^ch  number  of  6 at  free-stream 
Reynolds  numbers  ranging  from  1.0  x 10  to  A. 7 x 10  per  ft.  Most 
of  the  data  were  obtained  at  angles  of  attack  up  to  14  degs.  Configu- 
rations tested  Included  a 7-deg  cone  and  a 14/7  deg  (i.e.,  a 14  deg  fore 
cone  section  with  a 7 deg  aft  cone  frustum)  biconic.  Spherically 
blunted  nose  tips  were  tested  with  nose  radii  ranging  from  0.050  in. 
to  0.500  in.  Tests  were  also  performed  with  the  7-deg  sharp  nose  tip 
cone  configuration. 


2.0  APPARATUS 


2.1  TEST  FACILITY 

Tunnel  B Is  a closed  circuit  hypersonic  wind  tunnel  with  a 50-ln.- 
dlam  test  section.  Two  axlxsymmetric  controured  nozzles  are  available 
to  provide  Mach  numbers  of  6 and  8 and  the  tunnel  may  be  operated  con- 
tinuously over  a range  of  pressure  levels  from  20  to  300  psla  at  Moo  = 6, 
and  50  to  900  psia  at  Meo  = 8.  Stagnation  temperatures  sufficient  to 
avoid  air  liquefaction  in  the  test  section  (up  to  1350"R)  are  obtained 
through  the  use  of  a natural  gas-fired  combustion  heater.  The  entire 
tunnel  (throat,  nozzle,  test  section,  and  diffuser)  is  cooled  by  integral. 
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external  water  jackets.  The  tunnel  Is  equipped  with  a model  Injection 
system,  which  allows  removal  of  the  model  from  the  test  section  while 
the  tunnel  remains  in  operation.  The  general  arrangement  of  Tunnel  B 
Is  illustrated  In  Fig,  1. 

I 

2.2  TEST  ARTICLE 

Two  model  configurations  were  tested  In  this  phase:  (1)  a 7-deg 
half  angle  cone  with  a virtual  length  of  40  In.  and  (2)  a blconlc  model 
with  a 14-deg  half-angle  forebody  and  a 7-deg  afterbody  (total  virtual 
length  of  29.849)  as  shown  in  Fig.  2.  Nose  radii  of  0.050,  0.100,  and 
0.500  in.  were  tested  on  the  conical  model  In  addition  to  a baseline 
sharp  nose  configuration.  The  blconlc  model  was  tested  with  nose  radii 
of  0.050  and  0.500  In.  Model  components  were  fabricated  from  Type  304 
stainless  steel. 

The  models  were  Instrumented  with  pressure  orifices  and  Gardon- 
type  heat-flux  gages.  Table  1 (Appendix  2)  lists  the  instrumentation 
locations  and  shows  that  the  top  centerline  was  the  main  ray  of  pres- 
sure instrumentation  and  the  bottom  centerline  was  the  ray  instnnnented 
with  Gardon  gages.  At  three  stations,  pressure  orifices  were  also  In- 
stalled at  90-deg  intervals  around  the  model. 

Boundary-layer  trips  consisted  of  distributed  roughness  formed  by 
Carborundum®' grit,  machined  helical  grooves  or  roughness  generated  by 
blasting  the  surface  with  grit.  The  geometry  and  location  of  the  trips 
are  shown  in  Fig.  3. 

2.3  TEST  INSTRUMENTATION 

2.3.1  Test  Conditions 

Tunnel  B stilling  chamber  pressure  is  measured  with  a 200-  or  1000- 
psld  transducer  referenced  to  a near  vacuum.  Based  on  periodic  compari- 
sons with  secondary  standards,  the  accuracy  (a  bandwidth  which  Includes 
95-percent  of  residuals,  l.e,  2a  deviation)  of  the  transducers  is  estimated 
to  be  within  ±0.25  percent  of  reading  or  ±0.30  psl,  whichever  is  greater 
for  the  200-pBld  range  and  ±0.25  percent  of  reading  or  ±0,8  psl,  whichever 
Is  greater  for  the  1000-psld  range.  Stilling  chamber  temperature  measure- 
ments are  made  with  Chrome'l^-Alumel®'  thermocouples  which  have  an  accuracy 
of  ±(1.5''F  + 0.375  percent  of  reading)  based  on  repeat  calibrations  (2a 
deviation) , 

2.3.2  Teat  Data 

The  Tunnel  B pressure  system  Is  equipped  with  1-  and  15-psld 
transducers  which  are  referenced  to  a near  vacuum.  The  system  auto- 
matically selects  the  transducers  and  calibrated  ranges  for  best  pre- 
cision for  each  pressure  measurement.  Based  on  periodic  comparisons 
with  secondary  standards,  the  accuracy  of  these  transducers  (bands  that 
include  95  percent  of  residuals  l.e.}2a  deviation)  la  estimated  to  be 
±0.2  percent  of  reading  or  ±0.01  psl,  whichever  is  greater,  for  the  15- 
psld  transducers  and  ±0.2  percent  of  reading  or  ±0.0015  psl,  whichever 
Is  greater,  for  the  1-psid  transducers. 
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2.3.3  Heat-Transfer  Measurements 


Heat-transfer  data  were  obtained  with  0.125-ln.  diara  Gardon- 
type  heat-flux  gages  with  Iron-Con stantan  case  thermocouples  used  to 
evaluate  an  effective  wall  temperature  for  determining  heat-transfer 
coefficient  and  for  monitoring  the  model  structural  temperature  level 
and  distribution.  The  estimated  uncertainty  in  the  gage  calibration 
factor  is  ±5  percent.  Details  of  this  type  of  gage  are  available  in 
Ref,  1, 


2.3.4  Flow-Field  Measurements 

Two  separate  probing  systems  were  used  to  perform  the  boundary 
layer  and  flow-field  surveys.  One  system  was  attached  to  the  model 
sting  and  was  equipped  with  a pitot  tube,  an  unshielded  thermocouple 
probe,  and  a shielded  thermocouple  probe.  An  overhead  probe  system 
was  mounted  on  the  wind  tunnel  and  was  instrumented  with  a pitot 
tube  and  an  unshielded  thermocouple  probe. 

1 

Both  the  shielded  and  unshielded  thermocouple  probes  were  made 
with  Chromel-Alumel  thermocouples  which  had  an  estimated  uncertainty 
of  ± (1.5“F  + 0.375  percent  of  reading). 

The  sting-mounted  pitot  probe  pressure  was  measured  with  the  stan- 
dard Tunnel  B pressure  system.  Overhead  system  pitot  pressure  was 
measured  with  a 15-psld  Druck®  transducer  which  has  an  estimated  un- 
certainty of  +0.009  psia.  A near-vacuum  reference  pressure  was  used 
with  the  Druck  transducer. 

Near-vacuum  reference  pressures  for  the  transducers  used  in  this 
test  were  measured  with  a Hastings  absolute  pressure  transducer. 

2.4  SURVEY  PROBES 
2.4.1  Geometry  Details 

Both  the  overhead  and  sting-mounted  pitot  probes  were  fabricated  by 
flattening  a 0.024  in.  O.D.  (0.020  I.D,)  tube  as  shown  in  Fig.  4.  This 
procedure  produced  a probe  tip  thickness  of  0.010  in.  with  an  open  slit 
of  0.005  in,  height.  The  actual  measured  dimensions  of  the  two  pitot  tubes 
used  in  this  test  are  presented  on  Fig.  4. 

Figure  5 illustrates  the  geometry  of  the  unshielded  (Fig.  5a)  and 
shielded  (Fig.  5b)  thermocouple  probes.  The  unshielded  total  tempera- 
ture probe  was  fabricated  by  the  VKF  from  a length  of  sheathed  thermo- 
couple wire  (0.010-ln.  O.D.)  with  two  0.0015-ln.  diameter  wires.  The 
wires  were  bared  for  a length  of  about  0.015  in.  and  the  thermocouple 
junction  formed.  The  probe  was  used  In  this  form  without  a shield. 

Figure  5b  shows  that  a manufacturer-prepared  thermocouple  junction  was 
Installed  through  a insulating  sleeve  to  form  the  shielded  thermocouple 
probe.  Four  0.0074-in.  diam  vent  holes  were  drilled  in  the  shield  tube. 
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2.4.2  Calibration 


The  recovery  temperature  characteristics  of  each  total  temperature 
probe  were  calibrated  in  the  inviscld  portion  of  the  model  flow  field 
and  in  the  tunnel  f ree-stream  flow.  Calibration  data  for  the  unshielded 
probes  were  expressed  in  the  form  of  recovery  factor  as  a function  of 
Reynolds  number.  Shielded  probe  recovery  was  obtained  as  a function 
of  both  Reynolds  number  and  Mach  number. 


2.5  SURVEY  MECHANISMS 

The  overhead  probe  drive  system  illustrated  in  Fig.  6 was  designed 
and  fabricated  by  the  VKF.  The  positioning  mechanism  is  housed  above 
a port  in  the  top  of  the  Tunnel  B test  section.  Access  to  the  test 
section  is  through  a AO-in.-long  by  4-in.  wide  floor  opening  which  can 
be  sealed  by  a pneumatically-operated  door.  Separate’ drive  motors  are 
provided  to  (1)  insert  the  mechanism  into  the  test  section  or  retract 
it  into  the  housing,  (2)  position  the  mechanism  at  any  desired  axial 
station  over  a range  of  35  in.  with  a precision  of  ±0.01  in.,  and  (3) 
probe  a flow  field  of  approximately  10-in.  depth  with  a precision  of 
±0.001  in.  The  drive  axis  inclination  of  the  probe  support  can  be 
adjusted,  but  all  surveys  obtained  during  this  test  phase  were  taken 
with  the  probe  travel  normal  to  the  model  axis  (l.e.  no  drive  axis 
inclination).  An  offset  strut  was  used  in  this  test  to  permit  surveys 
to  be  made  near  the  model  base.  The  strut  is  equipped  with  a pneu- 
matically-operated shield  to  protect  the  probes  during  injection  and 
retraction  throught  the  tunnel  boundary  layer  and  during  tunnel  con- 
dition changes. 

The  sting-mounted  probe  package  shown  in  Fig.  7 was  designed  and 
fabricated  by  the  VKF.  A drive  motor  and  position  potentiometer  were 
enclosed  in  an  "L"-shaped  sheet  metal  housing  which  had  water  tubes 
for  cooling.  The  system  has  a vertical  drive  with  a position  resolution 
of  ±0.001  in.  Total  vertical  travel  of  the  system  Is  approximately  4 
inches. 

Calibration  of  the  probe  drive  was  checked  optically  with  an  optical 
micrometer.  Relative  position  and  lateral  spacing  of  the  probes  was  also 
confirmed  with  an  optical  micrometer. 


3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

1.1.1  General 

A summary  of  the  nominal  test  conditions  at  each  Mach  number  is  given 


below: 

Pg,  psia 

Slugs 

Po»*  ft/sec 

Re  /ft  X 10"^ 

OO 

5.91 

55 

845 

2.98x10‘5  2981 

0.037 

1.0 

5.94 

131 

r 

1 

7,06x10"^  2982 

0.086 

2.5 

5.95 

250 

1 

r 

13.37  x10"5  2983 

0.167 

4.7 
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Table  2 contains  a suminary  of  all  configurations  and  test 
variables . 

The  objective  of  this  test  phase  was  to  determine  the  smallest 
boundary-layer  trip  that  would  bring  transition  near  the  trip  without 
introducing  disturbances  In  the  flow  f ie.ld . A boundary-layer  trip 
that  brought  the  end  of  transition  in  the  vicinity  of  the  first  heat 
gage  (see  Table  1 for  gage  locations)  was  considered  effective  and 
suitable  to  be  studied  in  more  detail.  This  initial  approach  was 
taken  since  the  ultimate  goal  is  to  fix  the  end  of  transition  on  the 
forebody  of  the  biconlc  configurations  to  be  studied  in  detail  in 
later  test  phases. 


3.1.2  Data  Acquisition 

Transition  location  at  zero  angle  of  attack  was  determined  from 
heat-transfer  distributions  obtained  with  the  Garden  heat-flux  gages. 

Prior  to  each  run,  the  model  was  cooled  by  flowing  air  over  the  model 
to  obtain  a uniform  wall  temperature  near  room  temperature  (l.e. 
approximately  S20°R} . The  model  was  injected  into  the  tunnel  flow 
for  about  five  seconds  while  a continuous  record  of  gage  output  was 
recorded . 

Two  additional  types  of  heat- transfer  data  were  obtained  to  pro- 
vide information  about  the  circumferential  transition  distribution 
at  angle  of  attack.  One  data  mode  was  performed  by  rolling  the  model 
at  a fixed  angle  of  attack  while  continuously  recording  the  gage  out- 
put. These  data  provided  a circumferential  map  of  transition  location. 

The  second  dynamic  data  mode  involved  obtaining  a continuous  record  of 
gage  output  with  the  model  moving  in  the  pitch  plane  at  approximately 
1 deg/sec.  These  data  are  useful  In  defining  the  movement  of  tran- 
sition along  the  windward  and  leeward  model  rays  with  angle  of  attack. 

Surface-pressure  data  were  obtained  on  primary  configurations  such 
as  the  sharp  cone  baseline  body  and  configurations  with  selected  bluntness/ 
trip  combinations . 

Flow-field  surveys  consisted  of  approximately  50  data  points  obtained 
at  different  heights  above  the  model  surface  at  a station  0.5  In.  (sur- 
face distance)  forward  of  the  model  base  (see  Fig.  8) . The  probe  direction 
of  travel  was  normal  to  the  model  centerline.  Both  total  temperature  and 
pitot  pressure  measurements  were  made  simultaneously  along  with  model  wall 
pressure  and  temperature  data  at  the  probe  station.  Data  were  recorded 
after  the  pitot  pressure  had  stabilized.  The  total  survey  distance  probed 
was  approximately  4 Inches.  Procedures  used  for  both  the  on-board  and  over- 
head probes  were  identical. 

Initial  probe  positioning  on  the  model  wall  was  monitored  optically 
with  a high  resolution  (525  lines /frame)  closed-circuit  television 
(CCTV)  system.  The  camera  was  fitted  with  a telescopic  lens  system 
which  gave  a total  magnification  factor  of  38  (from  tunnel  centerline 
to  monitor  picture).  The  television  image  was  used  to  verify  contact 


between  the  pitot  tube  and  the  model  wall  before  obtaining  the  first 
data  point  In  a survey.  Television  monitoring  also  made  It  possible  to 
evaluate  the  deflection  of  unshielded  thermocouple  probes  caused  by  the 
aerodynamic  loading.  This  deflection  was  estimated  to  be  nominally  0.010 
In. 


3.2  DATA  REDUCTION 

Although  some  portions  of  the  data  reduction  used  in  this  study  were 
fairly  standard,  the  flow  field  probe  data  Included  an  evaluation  of  several 
boundary  layer  parameters  Including  the  definition  of  the  boundary  layer 
thickness,  displacement  thickness,  momentum  thickness,  kinetic  energy 
thickness,  and  total  enthalpy  thickness.  Also,  special  data  reduction 
procedures  were  needed  to  correct  the  shielded  and  unshielded  total  tempera- 
ture probe  measurements.  A complete  summary  of  the  data  reduction  procedures 
used  In  this  study  are  Included  In  Appendix  III. 


3,.  3 UNCERTAINTY  OF  MEASUREMENTS 
3.3.1  General 

The  accuracy  of  the  basic  measurements  (pq  and  Tq)  was  discussed  in 
Section  2.3,  Based  on  repeat  calibrations,  these  errors  were  found  to 
be 


Ap  AT 

— - = 0.0025  = 0.25%,  = 0.005  = 0.5% 

Po 


Uncertainties  in  the  tunnel  free-stream  parameters  and  the  model 
aerodynamic  coefficients  were  estimated  using  the  Taylor  series  method 
of  error  propagation,  Eq.  (1), 


(AF)' 


' 9f 

— — AX 

3X^ 


^ AX 


(1) 


where  AF  is  the  absolute  uncertainty  in  the  dependent  parameter 
F = f(X^,  X^,  ...  X^)  and  Is  the  independent  parameter  (or  basic 

measurement).  AX  is  the  uncertainty  (error)  In  the  independent  measure- 
ment (or  variable^. 

3.3.2  Test  Conditions 

The  accuracy  (based  on  20  deviation)  of  the  basic  tunnel  parameters, 
p and  T , (see  Section  2.3)  and  the  2a  deviation  in  Mach  number  determined 
from  tes¥  section  flow  calibrations  were  used  to  estimate  uncertainties 
In  the  other  free-stream  properties  using  Eq.  (1).  The  computed  uncertainties 
In  the  tunnel  free-stream  conditions  are  sunmarized  in  the  following 
table. 
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Uncertainty, 

(±)  percent  of 

actual  value 

M 

00 

Re  /ft  X 10  ^ 

00 

M 

00 

Poo 

Pool^OO 

Peo 

5.91 

1.0 

0.3 

2.1 

1.4 

1 .0 

1.3 

1.4 

5.94 

2.5 

0.2 

1 .0 

0.7 

0.7 

0.9 

0.7 

5.95 

4.7 

0,2 

1 .0 

0.7 

0.7 

0.9 

0.7 

3.3.3 

Model  surface  pressure  and  on-board  pitot  probe  data  uncertainties 
are  discussed  in  Section  2.3.2,  Summarizing,  measurements  at  pressure 
levels  at  1 psla  or  less  have  an  estimated  uncertainty  of  ±0.2  percent  of 
reading  or  ±0.0015  psl,  whichever  Is  greater.  Measurements  above  1 psla 
have  an  estimated  uncertainty  of  ±0.2  percent  of  reading  or  ±0.01  psl, 
whichever  is  greater.  Overhead  probe  instrumentation  is  discussed  in  de- 
tail in  Section  2.3.4  in  which  an  estimated  pitot  pressure  uncertainty  is 
±0.009  psla. 

Total  temperature  measurements  from  both  the  shielded  and  the  un- 
shielded thermocouple  probes  is  estimated  to  be  +(1.5°F  + 0.375  percent 
of  the.  reading).  Consequently,  because  data  were  obtained  under  hot 
wall  conditions  (approximately  adiabatic) , the  estimated  uncertainty 
in  the  probe  measurements  throughout  the  flow  field  surveys  is  ±0.5 
percent  of  reading. 

The  estimated  uncertainty  in  Garden  gage  calibration  factors  Is  ±5 
percent.  Overall  uncertainty  In  the  heat-transfer  coefficient,  H(T0), 

Is  estimated  to  be  ±6  percent.  After  the  uncertainty  In  free-stream 
values  of  density  and  velocity  Is  considered,  the  overall  uncertainty 
In  Stanton  number  Is  estimated  to  be  ±6.1  percent. 

Based  on  optical  observations  and  mechanical  resolution  the  esti- 
mated uncertainty  in  probe  position  Is  ±0.002  In.  As  noted  earlier 
in  Section  3.2.2,  deflection  of  the  unshielded  thermocouple  probe  was 
optically  evaluated  to  be  0.010  in.  This  deflection  was  accounted 
for  in  the  data  reduction-  This  uncertainty  In  the  axial  position  of  the 
probe  was  ±0.050  Iti. 

The  uncertainties  of  all  primary  measurements  such  as  pressure, 
temperature,  heat  flux  rate,  model  attitude  and  free  stream  Mach 
number  nonuniformity  have  been  identified.  The  uncertainty  in  some  of 
the  free  stream  parameters  have  been  Identified,  but  the  uncertainty 
in  many  of  the  other  parameters  (for  example,  boundary  layer  parameters) 
listed  in  the  tabulated  and  plotted  results  of  the  final  data  fall  out- 
side the  scope  of  this  report, 

3 . 4 DATA  CORRECTIONS 

The  longitudinal  heat-transfer  distribution  on  the  7-deg  cone  showed 
more  irregularity  than  expected  based  on  the  estimated  uncertainty  in  the 
gage  data.  Consequently,  a procedure  was  established  to  smooth  the  data 
by  obtaining  correction  factors  for  the  indicated  heating  level.  The  data 
distribution  was  compared  with  calculated  turbulent  and  laminar  heating 
data.  Based  on  these  comparisons,  smooth  fairings  through  the  data  were 
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obtained.  A separate  set  of  correction  factors  were  obtained  for  the 
laminar  and  turbulent  cases  since  these  were  the  extremes  in  heating 
levels  encountered.  These  two  sets  of  correction  factors  were  averaged 
and  applied  to  the  data.  Correction  factors  were  applied  only  to  the 
7-deg  cone  and  the  7-deg  conical  afterbody.  Data  tabulations  show  both 
corrected  and  uncorrected  data. 

A correction  for  unshielded  probe  position  was  made  to  account  for 
probe  downward  deflection  resulting  from  aerodynamic  loading.  The  de- 
flection magnitude  was  determined  from  the  television  monitor  screen  and 
estimated  to  be  0,010  in. 


4.0  DATA  PACKAGE  PRESENTATION 

A complete  set  of  test  results  in  tabulated  and  graphical  form  has 
been  transmitted  to  SAMSO  (test  sponsor)  as  a Final  Data  Package.  The 
data  computational  procedures  were  checked  by  performing  manual  calcu- 
lation verification  of  the  computer  calculations.  Sample  tabulated 
data  and  nomenclatures  appear  in  Appendix  IV, 
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a.  Pitot  probe  geometry 
Fig.  4 Pitot  Probe  Geometry  and  Location 
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Fig.  6 Overhead  Probe  Installation 


a.  On-Board  Px'obe  Installation 
Fig.  7 On-Board  Probe 


b.  On-Board  Probe  Details 
Figure  7 Concluded 
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THERMOCOUPLE 

PR 

OBE  CORRECTION  CONSTANTS 

PEC 

G 

RED/(L/D) 

U/UE 

0 

0 

0 

2.000 

4 

0.005 

10.0 

2.OO0 

5 

0.013 

13.3 

1.992 

7 

0.035 

22.2 

1 .950 

9 

0.060 

29.6 

1 .910 

11 

0.092 

44.4 

1.820 

15 

0.155 

66.7 

1.710 

20 

0.220 

101.6 

1.610 

30 

0.320 

142.9 

1 .510 

40 

0.390 

207.8 

1 .420 

50 

0.450 

326,5 

1.320 

60 

0,490 

571.4 

1 .230 

80 

0.550 

1142.9 

1.160 

100 
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2285.7 
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150 
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1 .050 

250 

0.730 
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APPENDIX  III 


DATA  REDUCTION 


DATA  REDUCTION  NOMENCLATURE 

1.  Surface  Pressure  Data 

2.  Heat-Transfer  Data 

3 . Probe  Data 

3.1  Pitot  Pressures 

3.2  Shielded  Thermocouple  Measurements 

3.3  Unshielded  Thermocouple  Measurements 

4.  Boundary-Layer  Integral  Values 
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DATA  REDUCTION  NOMENCLATURF 


AE 

AN 

AV 

Cl 

C2 

CP 

DELU 

,DELU* 

DELU2 

DELU3 

DELU4 

DS 

d 

£ 

G 

H(TO) 

HU1 

HU2 

K 

LAMBDA 

L/D 

ME 

MSI 

MUE 


Shielded  thermocouple  probe  entrance  area,  in. 

Shielded  thermocouple  probe  calibration  constants 

2 

Shielded  thermocouple  vent  area.  In. 

Gardon  gage  calibration  factor  at  yO^F,  BTU/ft^  - sec  - mv 

Garden  gage  calibration  factor  at  operating  temperature,  BTU/ft^ 

2 2 sec-mv 

Specific  heat  of  air,  ft  /sec  -®R 

Boundary- layer  thickness,  in. 

Boundary-layer  displacement  thickness,  in. 

Boundary-layer  momentum  thickness,  in. 

Boundary-layer  kinetic  energy  thickness,  in. 

Boundary-layer  total  enthalpy  defect,  in. 

Shield  thermocouple  probe  inside  diameter,  ft 

Unshielded  thermocouple  probe  tip  diameter,  ft 

Gardon  gage  output , mv 

Shielded  thermocouple  probe  calibration  factor 
Heat-transfer  coefficient  based  on  T^j,  BTU  ft^  - sec-°R 
Shape  factor,  DELU*/DELU2 
Shape  factor,  DELU2/DELU3 

Gardon  gage  temperature  calibration  factor,  "R/mv 

Shielded  thermocouple  calibration  factor  (see  Eq.  S-10) 

Shielded  thermocouple  probe  length-to-diameter  ratio 

Shielded  thermocouple  probe  entrance  Mach  number 

Local  Mach  number  at  shielded  temperature  probe  location 

Flow  viscosity  at  shielded  thermocouple  probe  entrance, 

Ibf  sec 

FT^ 
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MUI 

MUUl 

OD 

PEC 

PO 

POE 

POUI 

PPS 

PPU 

PR 

PW1 

P» 

q 

«too 

R 

R 

RB 

RED 

RED 


Re„,  Re„/ft 

RKOUE 

RHOUI 


Local  Mach  number  at  unshielded  thermocouple  probe 
lo cation 

Local  flow  viscosity  at  the  unshielded  thermocouple 

2 

probe  location,  Ibf-sec/ft 
Free-stream  Mach  number 
Peclet  number 

Tunnel  stilling  chamber  pressure,  psla 

Local  total  pressure  at  the  shielded  thermocouple 
probe  location,  psf 

Local  total  pressure  at  the  unshielded  thermocouple 
probe  location,  psla 

Local  pitot  pressure  at  shielded  thermcouple  probe 
location,  psla 

Local  pitot  pressure  at  unshielded  thermocouple 
probe  location,  psla 

Prandtl  number  = 0.715 

Wall  pressure  at  pressure  orifice  No.  1,  psla 

Free-stream  static  pressure,  psla 

2 

Heat-flux  rate,  BTU/ft  -sec 
Free-stream  dynamic  pressure,  psla 

2 2 

Universal  gas  constant  for  air,  ft  /sec  -"R 

Probe  shield  recovery  factor  = 0.84 

Body  radius  at  probe  station.  In. 

Local  entrance  Reynolds  number  for  the  shielded 
thermocouple  probe 

Local  Reynolds  number  at  unshielded  thermocouple 
probe  location 

Free-stream  Reynolds  number,  ft  ^ 

3 

Flow-field  density  at  the  boundary-layer  edge,  slugs/ft 

Flow-field  density  at  the  unshielded  thermocouple  probe 
location,  slugs/ft^ 
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ST (INF) 
TCAL 


Tli 


TEDGE 

TEU 

TO 

TOSI 

TOOM 

TOSM 

TSI 

TUI 

TW 

AT 

U/UE 

UUE 

UUI 

V 

oo 

X.  XSURF 
ZS 

zu 


Stanton  number 

Temperature  parameter  uaed  to  define  boundary 
layer  edge  temperature  (TED) , "R 

Entrance  static  temperature  for  the  shielded 
thermocouple  probe,  "R 

Garden  gage  sensing  disc  edge  temperature,  “R 

Boundary-layer  edge  total  temperature  defined 
from  corrected  unshielded  thermocouple  probe 
data , *R 

Tunnel  stilling  chamber  total  temperature,  ®R 

Local  corrected  total  temperature  from  shielded 
thermocouple  probe,  ®R 

Measured  total  temperature  from  the  unshielded 
thermocouple  probe,  'R 

Measured  total  temperature  from  the  shielded 
thermocouple  probe,  “R 

Local  static  temperature  at  the  shielded  thermocouple 
probe  location,  ®R 

Local  static  temperature  at  the  unshielded  thermocouple 
probe  location,  “R 

Model  wall  temperature,  'R 

Temperature  difference  between  the  center  and  edge 
of  a Gardon  gage  sensing  disc,  “R 

Velocity  ratio  at  the  entrance  to  shielded  thermocouple 
probe,  ft/sec 

Boundary-layer  edge  velocity,  ft/sec 

Local  velocity  at  unshielded  thermocouple  probe 
location,  ft/sec 

Free-stream  velocity,  ft/sec 

Model  station  and  surface  length,  respectively,  in. 

Height  of  shielded  thermocouple  probe  above  the 
model  surface.  In. 

Height  of  unshielded  thermocouple  probe  above  the 
model  surface,  in. 
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y Ratio  of  specific  heats  = 1.4 

n,  eta  Unshielded  thermocouple  probe  calibration 

function 


36 


DATA  REDUCTION 


1.'  Surface  Pressure  Data 

All  surface  pressure  data  were  reduced  using  standard  facility  data 
reduction  procedures.  Linear  transducer  calibration  factors  were  obtained 
prior  to  each  operational  period  so  a simple  calculation  was  necessary: 

PRESSURE  = SCALE  FACTOR  (READING-ZERO)  + REFERENCE 


2.  Heat-Transfer  Data 

Thermopile- type  Gardon  heat  gages  described  in  Ref.  1 were  used  to 
obtain  heat-transfer  distribution.  The  heat  flux  to  the  gage  Is  computed 
as  follows : 


where 


q « C2E 

C,  “ gage  calibration  factor. 


(1) 


BTU 


ft  -sec-mv 


gage  output,  nv 


Calibration  factors  include  compensation  for  variation  In  wall  temper- 
ature: 

C,  = C, [4.72878  - (2.83765  x 10"^)TEDGE 

^ ‘L  (2) 

+,(7.82707  X 10"^)(TEDGE)^ 

- (9.44869  X 10“®)(TEDGE)^ 

+ (4.30151  X 10"”)(TEDGE)^] 

where  C,|  = gage  calibration  factor  at  SBO’R 

TEDGE  » gage  sensing  disc  edge  temperatuare,  *‘R 


The  temperature  difference  between  the  center  and  the  edge  of  the 
sensing  disc  was  calculated  by: 


AT  = K*E 


(3) 


where : 


K " gage  temperature  calibration  factor,  ^R/mv 
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The ^gage  edge  temperature  was  measured  directly  and  combined  with 
AT  to  obtain  an  effective  wall  temperature: 


T ■»  TEDGE  + 0.75  AT  (4) 

w 

This  method  of  obtaining  an  effective  wall  temperature  is  discussed  in 
detail  in  Ref.  2. 


Heat-transfer  coefficient  was  then  calculated  as: 


H(T0)  = 


q 

TO-TW 


(5) 


Further  reduction  to  Stanton  number  was  achieved  using  the  following 

ST  (INF)  = c (6) 

p V to. 2235  + (1.35  X lO'  )(TO+TW)] 

•^00  00 


3.  Probe  Data 

Mean-flow  boundary-layer  data  are  presented  as  measured  pressure 
and  temperature  values.  Final  reduced  boundary-layer  parameters  are 
calculated  only  for  those  cases  which  satisfy  the  requirements  for 
defining  a boundary-layer  edge.  True  probe  heights  above  the  cone 
Surface  were  determined  in  Che  radial  direction.  The  curvature  of 
the  model  surface  at  the  survey  station « the  lateral  spacing  of  the 
probes  in  the  rake,  and  the  relative  vertical  spacing  of  the  measure- 
ment probes  were  taken  into  account, 

3.1  Pitot  Pressures 

Pitot  pressure  data  were  reduced  following  the  procedures  described 
in  Section  1 which  apply  to  surface  pressure. 
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3.2  Shielded  Thermocouple  Measurements 

The  following  calculation  procedure  was  applied  to  obtain  local 
total  temperature  from  shielded  thermocouple  probe  data  following  Varner’s 
approach  (Ref.  31  and  is  listed  below  and  shown  in  a following  block 
diagram. 


S-1  Interpolate  the  local  pitot  pressure,  PPO,  from  ZP  to  a 
value  at  the  ZS  locations.  AT  ZP  = 0,  set  PPO  “ PWl, 
Designate  interpolated  values  of  PPO  as  PPS. 

S-2  Compute  the  local  Mach  number,  MSI,  as  follows: 


a.  If  PPS/PW1  ^ 


b.  Then  MSI 


j{Y+1)/2j^“’ 

Izi 


Y-1  1 

|PPS/PW1  j ^ j^2/(Y-l)jl^ 


Otherwise . iterate  the  following  to  obtain  MSI; 

Y 


PPS /PWl  = (y+1)(MSI)  /2 


7-1- 


j^(Y+1)/(2Y(MSI)  -(Y-D) 


17-1 


S-3  ME  = 0.176 


S-4 


S-5 


TSI  ■* 

IE  = 


TQSI 

1 + ^ (MSI)^ 
TQSI 

1 + ^ (ME 


For  First  Iteration, 
Set  TOSI  = TOSM 
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S-6 


MUE 


0.227(10"^) (TE)^^^ 
199  + TE 


S-7  If  MSI  < 1 


POE  = 


PW1 


1 (MSI)^  psf 


If  MSI  i 1 


POE  = /PW1 


(Y+IHMSI)' 


J 


Y-1 


Y+1 


2Y (MSI)  -(Y-1) 


Y-1 


>144,  psf 


S-8  RED 


f 2 

2y  1 

|av| 

(POEli 

1 DS 

[y+i) 

r+i)  ^1/2 

AE 

|mue|| 

1/2 

[(TOSI)  ' 

S-9  PEC  = (RED) (PR/2) 


Note:  Set  PR  = 0.715 


S-10  LAMBDA  = T =• 


- 1 + ^ R (MSI)^ 

TSI  2 


TSI 

TOSI 


L 2 

S-11  TOSI  = TOSM  ^ + (G-1)r  ^ ^ TOSI  ||ue)  ^ 


The  values  of  G and  U/UE  are  listed  in  Table  3. 


INPUT  DATA: 

TOSM  VS  ZS 
POE  VS  ZS 
MSI  VS  ZS 

At  each  ZS  value,  correct  probe  data  as  follows: 

(a)  Assume  TOSI  = TOSM  compute  P (Eq.  S-10), 

RED  (Eq.  S-8),  PEC  (Eq.  S-9). 

(b)  Compute  G and  U/UE  by  interpolating  from  Table  3 

(c)  Calculate  the  corrected  temp.,  TOSI,  from  Eq.  S-11 


40 


ON-BOARD  SHIELDED  THERMOCOUPLE  PROBE  CALCULATION 
BLOCK  DIAGRAM 


(d)  Using  corrected  value  of  TOSI,  Repeat  steps  (a)  through 
(c)  until: 


TOSM] 

J+1  1 

TOSM 

, < 0.0005 

JL 

TOSIj 

^TOSlj 

[TOSMl 

TOSI 

j 

CONSTANT  INPUTS: 

Y “ ^ ^ 2 2 a 

R “ Gas  constant  « t717,  ft  /sec  - R 

CP  - 6006,  ft2/3cc2-‘’R 

R = Probe  shield  recovery  factor  =0.84 

AV/AE  = Vent  area  to  entrance  area  ratio  =•  0.298 
DS  = Tube  entrance  inside  diatn  = 0.001667  ft 
L/D  = Tube  entrance  length/diam  ratio  =2.0 


3.3  Unshielded  Thermocouple  Measurements 


This  section  contains  the  procedure  for  obtaining  local  total 
temperature  from  the  unshielded  thermocouple  probe  output.  The  nomen- 
clature used  herein  applies  to  the  on-board  probe  although  the  identical 
procedure  was  used  for  the  overhead  probe.  The  procedure,  shown  in  a 
block  diagram  (follows  listing  of  equations)  Is  as  follows: 

U-1  Interpolate  the  local  pitot  pressure,  PPO,  from  ZP  to  a value 

at  the  2U  locations.  Designate  the  Interpolated  values  as  PPO. 


U-2  Compute  the  local  Mach  number,  MUI,  as  follows: 
a.  If  PPU/PW1  < ((Y+1)/2 


Y 

Y-1 


V I . 

|pPU/PWlj  ^ -1  2/ (Y-1)  ) 


/2 


b.  Then  MUI 
Otherwise,  iterate  the  following  to  obtain  MUI: 


c.  PPU/PW1  - J(Y+1)(MUI)^/2j  |^(y+1)/2y(MUI)^-(Y-1) 

U-3  If  MUI  ^ 1 POUI  = PPU  , 

If  MUI  > 1 


Y-1 


Y-1 


Y-1 


■(y-1)  (MUI)  ^+2^ 

2y(MUI)^-(Y-1) 

POUI  = PPU 

(y+i)(mui)^ 

- -J 

Y+1 
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T013M  VS  ZU 
POUI  VS  ZU 
MUI  VS  ZU 


At  each  ZU  value,  the  data  was  corrected  as  follows: 

(a)  Assume  TOUI  “ TOUM,  compute  REU  from  Eq.  U-8 

(b)  Compute  r)  from  Eq.  U-9 

(c)  Compute  corrected  temperature,  TOUI,  from  Eq.  U-10 

(d)  Using  the  corrected  value  of  TOUI,  repeat  steps  (a)  through 
(c)  until 

< 0.0005 

INPUT  CONSTANTS: 

d - Probe  tip  diameter  = 0.005  in.  = 0.0004167  ft. 

AO,A1,A2  ....  Calibration  constants  (see  Table  4) 

Y = 1.4,  ratio  of  specific  heats 
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4 .  Boundary-Layer  Integral  Values 

The  procedures  described  In  this  section  were  used  to  evaluate 
boundary-layer  parameters  from  integral  relationships.  Establishment 
of  the  boundary-layer  edge  location  and  flow  conditions  is  required  to 
establish  the  upper  limit  for  the  Integrals.  Note  the  precaution 
listed  with  the  calculations. 

1.  INPUT  DATA: 

X 

TOUI  vs  ZU 

2.  where  TOUI  is  corrected  unshielded  thermocouple  value. 

3.  Moving  from  the  point  ZU  “ 0.7  towards  ZU  = 0,  curve  fit 
the  data  set  TOUI  vs  ZU.  Sets  of  five  points  should  be 
fitted  with  a second  order  (parabolic)  fit. 

4.  Evaluate  the  curve  fit  segments  and  locate  the  value  of 

ZU  at  which  the  value  of  I 

TOUI  = TCAL  (1  ±0.0025). 

NOTE:  For  cases  where  TOUI  = 0.9975  TCAL,  print  message; 

"BOUNDARY  LAYER  EDGE  CONDITIONS  OF  TOTAL  TEMPERATURE 
OVERSHOOT  NOT  MET.  INTEGRAL  PARAMETERS  SHOULD  BE 
USED  WITH  CAUTION." 

5.  When  the  point  in  Item  4 has  been  located  evaluate  both 
TOUI  and  ZU  and  designate  as  follows: 


DELU  = ZU 
TEU  = TOUI 

6.  INPUT  DATA: 

RHOUI  vs  ZU  (boundary-layer  edge) 

UUI  vs  ZU 

7.  Using  the  same  ZU  values  used  in  Item  4,  fit  the  data  from 
Item  6 with  a second  order  (parabolic)  fit. 

8.  Evaluate  the  curve  fits  in  Item  7 at  DELU  - ZU.  Designate 
the  values  of  RHOUI  and  UUI  as  follows: 

RHOUI  = RHOUE 
UUI  = UUE 
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9.  DfLerinine  displacement  tliLckness  by  evaluatiny  the  following: 


2 

DELU*  + (DELU*) 


cos  6 
2 (RB) 


DELD 


= / 

zu=o 


(RHOUIXUUI) 
(RHOUE) (UDE) 


1 + 


(ZU) (ros  0) 
Rli 


dZU 


where  6 
RB 


body  surface  angle  at  the  survey  station,  deg 
body  radius  at  the  survey  station,  in. 


Use  the  quadratic  equation: 


DELU* 


v^^-4ac  - b 
2a 


where 


cos  6 
2{RB) 

1 


c = - / 

ZU=0 


DELUif  (RHOUI)  (UUI) 
11-  (RHOUE)  (UUE) 


11 


1 + 


(ZU)(cos  9) 
RB 


dZU 


10.  Detenrine  moraentum  thickness  by  evaluating  the  following: 


DELU2  + fDEI.D2)2  ££*-5-  " 1^^'' 

DELU2  + CDELU2)  2rb  ^^=0  (RHOUE) (UUE) 

Use  the  quadratic  equation: 


[- 


UUI 


UUE 


1 + 


(ZU)(cos  6) 


RB 


dZU 


DELU2 


where 


a = 


>A?^-4ac-b 

2a 

COE  0 


2RB 
b = 1 

DELU 

c = - / 

ZU=0 


(RHOUI) (UUI) 
(RHOUE) (UUE) 


1- 


UUI 

UUE 


1 + 


(ZU)(cos  6) 


RB 


dZU 


11.  Determine  the  kinetic  energy  defect  from  the  following 

12 


4.  COS  6 ^ (RHOUI)  (UUI) 

DELU3  + (DELU3)  2rb  J (RHOUE) (UUE) 

ZU“U 


1 - 


UUI 

UUE 


1 + (z«)Coo.B  ei  „ 

RB  j 


Use  the  quadratic  equation; 


DELU3  = /b2-4ac-b 


2a 
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where 


cos  6 
2RB 


-I 


DELU 


(RHOUIXUUI) 


ZU=0 


(BHOUE) (UUE) 


1- 


UUI 


UUE 


[1 

RB 


12.  Determine  the  total  enthalpy  defect 

DELU 


DELU4  + (DELUA) 


2 cos  6 
2RB 


= / 


zu=o 


(RHOUI) (UUI) 
(RHOUE) (UUE) 


1- 


TOUI 

TEU 


1 + 


(ZU)(cos  6) 


RB 


dZU 


Use  the  guadratic  equation: 


I 

DELUA  = /b^-Aac  - b 
2a 


where 


a 


cos  6 
2RB 


b = 1 


DELU(^HOUI) (UUI) 
(RHOUE)  (UUE) 


TOUI 

TEU 


(ZU)(cos  9 
RB 


dZU 


13.  Calculate  shape  factor: 


HU1 


DELU* 

DELU2 


HU2 


DELU2 

DELU3 


A7 


APPENDIX  iV 


SAMPLE  DATA  NOMENCLATURE  AND  FORMATS 


1.  Nomenclature:  Surface  Pressure  Data 

2.  Sample  Data:  Surface  Pressure  Data 

3.  Nomenclature:  Heat- Transfer  Data 

4.  Sample  Data:  Heat-Transfer  Data 

5.  Nomenclature:  On-Board  Probe  Flow-Field  Data 

6.  Sample  Data:  On-Board  Probe  Flow-Field  Data 

7.  Nomenclature:  Overhead  Probe  Flow-Field  Data 

8.  Sample  Data:  Overhead  Probe  Flow-Field  Data 
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IV- 1.  NOMENCLATURE:  SURFACE  PRESSURE  DATA 


ALPHA  MODEL 
ALPHA  PB 
CONFIGURATION 
DATA  TYPE 
DEW  POINT 
GROUP 
L 

M(INF) 

MU (INF) 

NOSE  RADIUS 
ORIFICE 

PHI 

P(INF) 

POP 

PO 

PW 

Q(INF) 

RE (INF) 
RHO(INF) 

ROLL 

T(INF) 

TO 

TRIP 

U(INF) 

X 

XSURF 


Model  angle  of  attack,  deg 
Support  sting  prebend  angle,  deg 
Model  configuration  (see  Fig.  2) 

Type  of  data  tabulated 
Free-stream  flow  frost  point,  ®F 
Data  group  number 

Sharp  7-deg  cone  axial  length,  40  in. 
Free-stream  Mach  number 

2 

Free-stream  viscosity,  Ibf-sec/ft 

Model  nose  tip  radius.  In. 

Model  pressure  oflflce  identification 
(see  Table  1) 

Pressure  orifice  circumferential  location 
(see  Table  1),  deg 

Free-stream  static  pressure,  psla 

Free-stream  normal  shock  pressure,  psia 

Tunnel  stilling  chamber  pressure,  psla 

Model  wall  pressure,  psla 

Free-stream  dynamic  pressure,  psla 

Free-stream  Reynolds  number,  per  foot 

3 

Free-stream  density,  slugs/ft 

Model  roll  angle,  deg 

Free-stream  static  temperature,  *R 

Tunnel  stilling  chamber  temperature,  “R 

Boundary-layer  trip  configuration 

Free-stream  velocity,  ft/sec 

Model  station,  in. 

Orifice  Surface  location,  in. 
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AHO.tNC  - AtOC  DIVISIOtl 
A SVERDRUP  CORPORATION  COMPART 
VOH  KARMAN  GAS  dTNANICS  PAClLin 
ARNOLD  AIR  FORCE  STATION » TERN 


PROOCCT  NO  V41B-HSA 

SAMSO/DDTR  HTPERSONXC  TURBULENT  BOUNOART  LATER  XMTESTIOATXOE 

PHASE  Z 


DATE  COMPUTED 
DATE  RECORDED 
TINE  RECORDED 


GROUP  31 

N(lNF)s  ».9» 
RC(IHF)«  4,79SE*0< 

PER  FT 

Alpha  model 

ALPHA  PB 
ROLL 

■ -O.IS 

■ 13,00 

■ >0,02 

DEC 

DEG 

DEG 

. DBM 

• 

* 

PTb*23,00 
(DEG  P) 

DATA  TYPE 
SURFACE  PRES 

ORIFICE 

X 

X/L 

XSURF 

PHI 

PM 

PW/PIMF 

17 

(IN) 

8.090 

0.2023 

(IN) 

8,150 

(DEG) 

0. 

(PSIA) 

0.353 

2,10 

14 

9,082 

0,2271 

9,150 

0. 

0,343 

. 2,04 

15 

11,047 

0.2747 

11.150 

0. 

0.342 

2,03 

14 

13,052 

0.3243 

13.150 

0. 

0.334 

2.01 

13 

15.037 

0,3759 

15.150 

0. 

0.142 

2*04 

12 

17.023 

0.4294 

11.150 

0. 

0.350 

2.09 

It 

20,000 

0,5000 

20.150 

0, 

0.331 

1 .98 

10 

22,075 

0,5519 

22.300 

0. 

0.338 

2,02 

9 

24.040 

0.4015 

24,300 

0, 

0.318 

2,02 

8 

24.0*5 

0.6511 

24.300 

0, 

0.314 

2*01 

7 

28.010 

0.7008 

28.300 

0. 

0,344 

2.07 

6 

30.015 

0,7504 

30.300 

0, 

0,341 

2,04 

9 

32,000 

0.8000 

32.300 

0. 

0.342 

2,04 

4 

33.985 

0,0496 

34,300 

0. 

0,347 

3.07 

3 

95,970 

0,«991 

14.300 

0. 

0.341 

2.04 

2 

38,015 

0.9504 

38,300 

0. 

0.145 

3.04 

1 

39,504 

0.9874 

39.800 

0, 

0.145 

2 . 04 

24 

11.047 

0.2747 

11.150 

•90. 

0,123 

1.92 

23 

30.015 

0.7904 

30,300 

•90. 

0.322 

1.93 

22 

39.504 

0.9874 

39.800 

•90. 

0,323 

1,93 

27 

11.047 

0.2767 

11.150 

90. 

0,324 

1,93 

24 

30.015 

0.7504 

30.300 

90. 

0.323 

1,93 

25 

19.504 

0,9874 

39.800 

90. 

0.330 

' 1,94 

30 

11.047 

0.2767 

11.150 

180. 

0,323 

1.91 

29 

10.019 

0.7504 

10,300 

180. 

0.304 

1.81 

28 

19.504 

0.9874 

19.800 

180, 

0.315 

lt88 

33 

18.911 

0.9428 

38.800 

0. 

0.349 

2,06 

11 

32 

BABE 

BASE 

BASE 

BASE 

0, 

180. 

0.345 

0.082 

2,20 

0.49 

eONrXCURATlQE 
T*DBG  CONE 


nose  RADIUS* XM 
SHARP 


PO  ■ 2SO.TS  PSIA 
TO  ■ S44,7  DE6R 

,P(INr}a  0,1472  PSIA 
RElXNPlB  O.476Bt07  PER  PT 
NU(ZNr}a  O.B41B»07  LSP-SEC/PTO 


U(XKrl>  2982,2  FT/BEC 

a(ZNF)«  4,141  PSIA 

TCZNFlB  104,9  DEGR 

POP  ■ 7,70  PSIA 

RH0(XMF)«  0,1I4E*01  SLUGS/PTS 


SSoJUN«78 

SO-JAN-71 

ail  at9B 


TRIP 

NONE 


lV-2  , Sample  Data:  Surface  Pressure  Data 


IV-3.  NOMENCLATURE:  HEAT- TRANSFER  DATA 


ALPHA  MODEL 

Model  angle  of  attack,  deg 

ALPHA  PREBND 

Support  sting  prebend  angle,  deg 

ALPHA  SECTOR 

Tunnel  sector  pitch  angle,  deg 

CONFIGURATION 

Model  configuration  (see  Fig.  2) 

DATA  TYPE 

Type  of  data  tabulated 

DEW  PT 

Free-stream  flow  frost  point,  “F 

GAGE  NO. 

Garden  gage  identification  number  (see  Table  1) 

GROUP 

Data  group  number 

H(TO) 

2 

Heat-transfer  coefficient,  BTU/FT  -3ec-“R 

L 

Sharp  7-deg  cone  axial  length,  40  in. 

M(INF) 

Free-stream  Mach  number 

MODE 

Static  or  dynamic  data  mode  Identification 

MU (INF) 

2 

Free-stream  viscosity,  Ibf-sec/ft 

NOSE  RADIUS 

Model  nose  tip  radius,  in. 

P(INF) 

Free-stream  static  pressure,  psla 

PO 

Tunnel  stilling  chamber  pressure,  psia 

QDOT 

2 

Heat-flux  rate,  BTU/FT  -sec 

Q{INF) 

Free-stream  dynamic  pressure,  psia 

RE (INF) 

Free-stream  Eleynolds  number,  per  ft 

RHO(INF) 

3 

Free-stream  density,  Ibm/ft 

ROLL 

Model  roll  angle,  deg 

ST(INF) 

Stanton  number 

ST{INF) (CORRECTED) 

Stanton  number  corrected  (See  Section  4.5) 

TEDGE 

Garden  gage  sensing  disc  edge  temperature,  °R 

T(INF) 

Free-stream  static  temperature,  “R 

TO 

Tunnel  stilling  chamber  temperature,  ®R 
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TRIP 


Boimdary-layer  trip  configuration  - sphere 
and  grit  sizes  stated  In  inches 


TW  Model  wall  temperaturet  "R 

V(INF)  Free-stream  velocity,  ft/sec 

X Heat-gage  model  station,  in. 

XSURF  Heat-gage  surface  location  (see  Table  1),  in. 
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AEOC  i>TVISI{Jri 

A SVF^DRl'P  Ct.’<<Pi>f ATin,N  COf»PA«T 
VOK  trARR#*(  GAS  PV'IAI'TCS  RACZLITY 
SO  ZICM  KYFbRSOiJlC  TIK^Et  A 
ARNiItU  ATS  rOHCr  STATZOXf  T*l. 

DATE  01/31/78  PROJECT  NO,  P41B-R6A 

8AM80/D0TR  HYPERSONIC  TOHHUI.ENT  BOUNDARY  LAYER  INVESTIGATION 
PHASE  I 
6ARP0N  GAGES 

TZ-B  time  reduced  TINE  PROH  CL 

01/23/70  2itlSt23t3S9  aitl5t«2l37T  UD4 


nose  radius, in. 

SHARP 


data  type  cohpiguratzon 

HEAT  TRAHSPER 

7-Dec  CONE 


TRIP 


NONE 


MODE 

STATIC 


GAGE  VO, 

X 

X/L 

X 

ooni 

TEDGE 

(IM.) 

SURFACE 

(BT(i/FT2-8EC) 

IDEG.R) 

C19 

• ,090 

.2033 

8,150 

0.3322 

529.7 

Gil 

O,0A? 

.?27I 

9.150 

0.3636 

529.7 

C17 

n.os7 

,3363 

13.150 

. 0,9581 

533.1 

G14 

15,C37 

,37S9 

15.150 

0.7589 

532,1 

CIS 

17.023 

.4366 

17.150 

0.9569 

533.5 

C14 

IB.OIS 

,4504 

18.150 

0,8594 

532.9 

G13 

19,OOR 

.4763 

19.150 

0.7914 

533.5 

G13 

30, COO 

.6000 

30.150 

0.6903 

533.1 

Gtl 

20.993 

.6248 

21.150 

0.7965 

534.2 

GIO 

22,076 

.6619 

22.240 

0,9432 

532,9 

GO 

33.067 

,5767 

23.240 

0.9416 

533.3 

CO 

24.060 

.6015 

24.240 

0.9512 

533.9 

G7 

2S.0S7 

.6963 

25.240 

0.9922 

534,2 

G6 

26.046 

.6511 

26.240 

0.7296 

534.4 

GS 

2P,030 

.7008 

28.240 

0,7560 

533.3 

C4 

33.0C0 

.8000 

33.340 

0.777(1 

532.6 

G3 

33.966 

.8496 

34.300 

0,7903 

532,6 

C2 

3S.970 

.8993 

36.300 

0,7619 

539.9 

G1 

36*015 

.9504 

31.300 

0.9456 

536.9 

vdHF)*  5.95 

POs  353.36  PSIA 

POLLS  -0.03  DEG. 

TOs  946.7  DEC.R 

ALPHA  sectors  -13.06 

DBG. 

PClNDs  .1683  PSIA 

ALPHA  PREHNCs  13.00 

DEG. 

REdHDs  4,770R«06  PER  FT. 

alpha  model  s -0,06 

GROUP  2 

DEG. 

NU(IHP)s  S.4S2E-08L6F-SEC/PT2 
RHOclNF)s  4.334E-03  L8N/PT3 

TH 

H(Ta) 

STdNF) 

ST (INF) 

(DEG.Rl 

CBTU/FT2-SEC-DE6R) 

(CORRECIED) 

531.4 

0.103E-02 

0.326C-03 

0.306E-03 

531.6- 

O.llSB-Ol 

0.368E-03 

0.353E-03 

537.1 

0.310R-02 

0,988E-03 

0.9S6E.03 

536.1 

0,244E-02 

0.780E-03 

0.760E-03 

539.5 

0,311B-02 

0.991B-03 

0.S7BE-03 

537.3 

0.27eE-02 

0.886E-03 

0,958E-0J 

536,7 

0.355E-02 

0.815E-03 

0.9S4E-03 

536,7 

0.223E-02 

0.711E-03 

0,B29E-03 

539.3 

0.2S5E.02 

0,Sl4E-03 

0.848E-03 

537.8 

0,3OSE.02 

0.974E-03 

0,933E-03 

539.3 

0.305F.-02 

0,974E-03 

0.e20E.Q3 

539.3 

0.276F.-02 

0.881E-03 

0.920C-03 

539.9 

0.290R-02 

0.925E-03 

0.9O3E-03 

539.3 

0.237E-02 

0.755E-03 

0.BO3E-03 

537.3 

0,244E-02 

0.7R0E-03 

0.789B-03 

536,7 

0,251E-02 

0.900E-03 

0.7l3E-0a 

536.7 

0.255E-02 

0.914E>03 

0.900E-03 

.532.8 

Q.243E-02 

0.77SE-03 

0,9Q7E-03 

531.4 

0.268E-02 

0.B96E>03 

0.791E-03 

V(lNr)«  3965. 7 PT/SEC 
OCIHP)*  4.170  PSIA 
T(Zl>P}«  104.0  DEC.R 
DEN  PT-  •BO.DEO.r 


IV-4  . Sample  Data:  Heati-Transfer  Data 


IV-5.  NOMENCLATURE:  ON-BOARD  PROBE  FLOW-FIELD  DATA 


PRINTOUT  PAGE  ONE 


ALPHA  MODEL 
ALPHA  PB 
CONFIGURATION 
DATA  TYPE 
DEW  PT 
GROUP 
LOOP 
M(INF) 

MU (INF) 

NOSE  RADIUS 
P(INF),  PINF 
PO 
POP 

PPO 

PROBE  STATION 

PWX 

Q(INF) 

RE (INF) 
RHO(INF) 

ROLL 

T(INF) 

TGX 

TO 

TOSM 


Model  angle  of  attack,  deg 
Support  sting  prebend  angle,  deg 
Model  configuration  (see  Fig.  2) 

Type  of  data  tabulated 
Free-stream  flow  frost  point,  "F 
Data  group  number 
Data  point  Identification  number 
Free-stream  Mach  number 

2 

Free-stream  viscosity,  Ibf-sec/ft 

Model  nose  tip  radius,  in. 

Free-stream  static  pressure,  psla 

Tunnel  stilling  chamber  pressure,  psla 

Free-stream  total  pressure  downstream 
of  a normal  shock,  psla 

On-board  probe  pitot  pressure,  psia 

Probe  station  location  measured  along  model 
surface  from  model  nose  tip,  in. 

Model  wall  pressure  at  the  survey  station  (X),  psia 
Free-stream  dynamic  pressure,  psia 
Free-stream  Reynolds  number,  per  foot 

3 

Free-stream  density,  slugs/ft 

Model  roll  angle,  deg 

Free-stream  static  temperature,  ®R 

Surface  temperature  at  model  station  (X) , ®R 

Tunnel  stilling  chamber  temperature,  “R 

Shielded  thermocouple  probe  total  temperature 
measurement , ®R 
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TOi;i,TOSI  Corrected  total  temperature  measurement  of 

the  unshielded  and  shielded  probes  respectively, 
'R 

Unshielded  thermocouple  probe  total  temperature 
measurement , 

Boundary-layer  trip  configuration  - sphere  and 
grit  dimensions  stated  in  Inches 

Model  wall  temperature  at  probe  survey 
station,  "R 

Free-stream  velocity,  ft/sec 
Local  velocity,  ft/sec 

Pitot  probe  height  above  model  surface,  in. 

Height  of  shielded  thermocouple  probe  above 
model  surface,  in. 

Height  of  unshielded  thermocouple  probe  above 
model  surface,  in. 

PRINTOUT  PAGE  TWO 

All  heading  Information  is  identical  to  page  one. 

TG-1  - TG-19  Garden  gage  case  temperature,  ®R 

PRINTOUT  PAGE  THREE  (UNSHIELDED  TEMPERATURE  PROBE  CORRECTIONS) 

All  heading  information  is  identical  to  page  one. 


AO  - AA 

Calibration  constants 

Effective  probe  recovery  factor 

ETA 

LOOP 

Data  point  identification  number 

MUI 

Local  Mach  number  at  survey  point 

PO 

Tunnel  stilling  chamber  pressure,  psia 

PPU 

Local  pitot  pressure  interpolated  from 

REU 

Local  Reynolds  number  at  survey  point 

TO 

Tunnel  stilling  chamber  temperature,  ®R 

TOUI 

Local  corrected  total  temperature  at  survey 
point,  “R 

TOUM 

Unshielded  thermocouple  probe  reading,  “R 

ZU 

Height  of  unshielded  thermocouple  probe  above 
model  surface.  In. 

TOUM 

TRIP 

TWl 

U(INF) 

UUI 

Z? 

ZS 

ZU 
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PRINTOUT  PAGE  FOUR  (BOUNDARY  LAYER  VALUES) 


DELU 

DELU* 

DELU2 

DELU3 

DELU4 

HU1 

HU2 

RHOUE 

TEU 

UUE 


Boundary-layer  thickness » in. 

Displacement  thickness » in. 

Momentum  thickness,  in. 

Kinetic  energy  defect,  in. 

Total  enthalpy  defect,  in. 

Shape  factor,.  DELU*/DELU2 
Shape  factor,  DELU/DELU3 

3 

Plow  density  at  boundary- layer  edge,  slugs /ft 
Total  temperature  at  boundary- layer  edge,  "R 
Flow  velocity  at  boundary— layer  edge,  ft/sec 
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aFUf  tni. 


■ III  rial  I'n 


N 


c \ A r A cMty 


DAIf.  CC''PUTF-D 


a«j. 


XRKOLf  IR  r0itC2  STATtCTF  TkCK 


■■ 

^^B  ‘ 

PROJECT  »0  { 3-H6A  t 

!SAH50/D0TR  HTPeRSOHIC  TURBULbiilT  BOUNDARY  LAYER  INVESTICATlO.N 

PHASE  1 


Ui 

•«J 


Croup  42 

ALPHA 

KOOEL  a 

0.U6 

DEC. 

DEW  PT>-22.00 

configuration 

NOSE  RADIUS. IN 

TRIP 

M(ZNr)«  S,95 

PE(lriF)a  4.724E+06  PER  FT 

ALPHA 

ROLL 

PB  a 

D 

13.00 

-0.04 

DEC. 

DEG. 

(0C6  F] 

T-DEG  CONE 

,5000 

.OiOD  GRIT 

DATA  TYPE 

ON-BOARD  PRO&E  PROBE  STAtlON  e J6.45  IN, 


LOOP 

PO 

TO 

f INF 

POP 

EP 

PPO 

PPO/PDP 

PWl 

TWl 

ES 

TOSN 

tosh/to 

ZU 

TOUM  TOUM/TO 

(PSTA) 

IDEGR) ' 

(PSTA) 

' (PSIAI 

(IN) 

CPSIA) 

(PSIA) 

OCGR) 

(IN) 

(DEGR) 

(IN) 

(DEGP) 

I 

250.23 

847.7 

0.167 

7.682 

0.0050 

0.587 

0.076 

0,386 

704, 

C.0142 

760, 

0.895 

0.0048 

731. 

0.861 

2 

249.^83 

649,7 

0.167 

7.670 

0,0160 

0.830 

0.106 

0,399 

708. 

0.0252 

767, 

0,904 

0.0158 

743 

t,075 

3 

250.33 

949.7 

0,167 

7,695 

0.0245 

• 1,510 

0.196 

0.412 

713, 

0.0337 

770, 

0.907 

0.0243 

753 

t.«8T 

4 

252.24 

945,7 

0,168 

7,744 

0.034S 

1.936 

0,252 

0.400 

716. 

0.0437 

769, 

0.906 

0.0343 

757 

•.992 

S 

251.94 

848.7 

0.169  . 

7.735 

0,0450 

2.148 

0.279 

0,396 

718. 

0,0542 

770. 

0.907 

0.0448 

760  1 

.895 

6 

251.24 

849.7 

.0.168 

7.713 

0,0545 

2.301 

0.299 

0.173 

722. 

0.0637 

774. 

0.912 

0,0543 

762 

.898 

7 

251,34 

850,7 

0.166 

7.716 

0.0640 

2.4SS 

0.319 

0.361 

724. 

0.U733 

777. 

0.9J5 

0,0633 

764  • 

1.900 

a 

250.53 

947.7 

0.167 

7,692 

0,0735 

2.608 

0,339 

0.351 

725, 

0,0827 

779, 

0.918 

0,0733 

766 

!,903 

9 

250,23 

847,7 

0.167 

7,682 

O.08SO 

2.776 

0.361 

0.343 

726, 

0.0942 

782. 

0,921  . 

0.0348 

768  Cfl 

l,90S 

10 

249.93 

850.7 

0,167 

7.673 

0,0965 

2.930 

0.381 

0.336 

727. 

0,1057 

' 704. 

0.924 

0.0963 

769  g 

770  .§ 

1.906 

n 

249,93 

650,7 

0,167 

7,670 

0.1045 

3.098 

0,403 

0.332 

728. 

0,1137 

786. 

0.926 

0.1043 

i.907 

12 

249.62 

850.7 

0.166 

7,664 

0,1270 

3.391 

(‘.*4^1 

0.327 

729, 

0.1362 

790, 

0.931 

0.1268 

773  h- 

.91! 

13 

249.42 

«49,7 

. 0.166 

7.658 

0.1480 

3.824 

0,497 

0.325 

730, 

0,1572  . 

793, 

0.934 

0.1479 

775  ® 

!.913 

14 

249,93 

646.7 

0.167 

7.673 

0.1655 

4.136 

0.537 

0.324 

731. 

0,1747 

794,' 

0.936 

0. lo33 

777  a 

.915 

15 

249.93 

846,7 

0.167 

7.673 

0,1850 

4.614 

0,599 

0.325 

712. 

0,1942 

796, 

0.938 

0,1948 

779  p 

.918 

16 

250.53 

849,7' 

0,167 

7,692 

0,2045 

5.056 

0,657 

0.325 

733. 

0,2137 

798, 

0,940 

0,2043 

>920 

17 

250.53 

846.7 

0.167 

7.692 

0.224S 

5.527 

0.718 

0.325 

734. 

0.2336 

801. 

0,944 

0,2243 

« 

782 

i.92l 

16 

250,33 

846.7 

0.167 

7.695 

0,3450 

6. OSS 

0.787 

0.326 

734. 

0.2541 

803. 

0.946 

0.2448 

78i 

>923 

19 

251.03 

849,7 

0.167 

7.707 

0,2635 

6,579 

0,855 

0,326 

735. 

0.2726 

806. 

0.950' 

0,3633 

784. 

.924 

20 

250.63 

846.7 

0,167 

7,695 

0,2970 

7.253 

0,942 

0.327 

736. 

0.2961 

809.  ■ 

0.953 

0,2868 

784  O 

,.924 

21 

250.83 

846,7 

0.167 

7.701 

0,3065 

T.R91 

1,024 

0.327 

737, 

0.3156 

812. 

0.957 

0.3063 

783.  1 
783.  U 

.923 

22 

.250,93 

846.7 

0.167 

7.704 

0.3250 

8.482 

1,102 

0.327 

737. 

0.3341 

816. 

0,961 

0.3247 

.923 

23 

251.54 

846,7 

0.168 

7.723 

0,3455 

• 9.166 

1.191 

0.327 

738. 

0.3546 

819. 

0.965 

0.3452 

782.  H 

.921 

24 

251.34 

849.7 

0.168 

7,716 

0,3650 

9,751 

1.267 

0,328 

738. 

0.3741 

821. 

0.967 

0,3647 

780.  g 

;.919 

25 

252.24 

849.7 

0.168 

7,744 

0.3855 

10.299 

1.338 

0,328 

739. 

0.3946 

823. 

0,970 

0.3852 

778.  o. 

.917 

26 

252.14 

849.7 

0,169 

7.7AI 

0,4050 

10.688 

1,389 

0,329 

740, 

0,4141 

824. 

0.971 

0,4047 

776.  ^ 

.914 

27 

252.14 

849.7 

0.168 

7.741 

0.4240 

10.978 

1.427 

0.328 

740. 

0.4331 

824, 

0.971 

0.4237 

775.  ^ 

,9l3 

28 

251.44 

849.7 

0.168 

7,719 

0.4445 

11.188 

1,454 

0.329 

740. 

0.4536 

825. 

0,972 

0,4442 

774,  o 

.912 

29 

251.54 

846.7 

0.168 

7.723 

0.4660 

11.336 

1.473 

0.327 

740, 

0.4751 

825. 

0,972 

0.4657 

774,  O' 

.912 

30 

251.44 

846.7 

0,168 

7.719 

0.4845 

11.427 

1.485 

0,327 

741. 

0.4936 

825. 

0.972 

0,4842 

773.  ® 

,911 

11 

250.73 

849,7 

0.167 

7,698 

0.5055 

11.647 

1.513 

0.327 

741. 

0.5146 

825, 

0.972 

0.5052 

773.  iq 

.911 

32 

250,63 

646.7 

0,167 

7.701 

0.6040 

11.691 

1,519 

0.326 

742. 

0,6131 

825, 

0.972 

0.6037 

773. 

O 

.911 

1 

( 


PAGE  TKO  GPOIIP  4} 


LOOP  PQ  TO  PINP 

(PSIA)  (OEGp)t  (PSIAJ 
13  250.23  947,7  0.167 

34  250.93  846.7  0.167 

35  350.33  846,7  0.167. 

36  250.33  640.7  0.167 

37  249.73  844.7  0,167 

38  349.83  849,7  O.ibT 

39  249.22  847,7  0,166 

40  249.73  847,7  0.167 


POP 

ZP 

PPO 

PPD/PQP 

(PSIA) 

(IN) 

(PSIA) 

7,682 

0.7040 

11.754 

1.527 

7.701 

0.8055 

11.780 

1.531 

7.685 

0.9050 

11.783 

1.531 

7.685 

1 .0060 

11.788 

1.533 

7.667 

1 .5055 

11,737 

1.525 

7,670 

2,0035 

11.440 

1.48& 

7,651 

3,0030 

10.743 

1.396 

7,667 

3.8850 

9.617 

1.25C 

PWl 

TWl 

ZS 

TOSM 

(PSIA) 

(OEGp) 

(IN) 

(CLGR) 

0.326 

743. 

0.71)0 

825. 

0.325 

742, 

0.8145 

825. 

0.326 

743, 

0.9140 

825. 

0.326 

743. 

1.0150 

835. 

0,325 

743. 

1.5144 

825. 

0,325 

744, 

2.012-4 

824. 

0.325 

744. 

3.0117 

823. 

0.324 

’44, 

3.9937 

932. 

TOSW/IO 

ZU 

Toun 

TOUH/TO 

(IN) 

(DECP) 

0.972 

0,7037 

773, 

0,911 

0.972 

0,6052 

772. 

0,910 

0.972 

0.9047 

773. 

0.911 

0.972 

1.0057 

772, 

0,910 

0,972 

1.5091 

772, 

0.910 

0.971 

2,0(131 

772. 

0,910 

0,970 

3. 0025 

772. 

0.910 

0,969 

3.8844 

771. 

0.908 

HCAK  VALUES 
PO  B 250,67  PSIA 
TO  E 848.4  PEGS 
P(InF-}8  0.1671  PSIA 
RE(l6T)*  0.472E407  PER  FT 
HU(1NF]=  0,84SE-07  LBF*5CC/FT3 


U(lNr)8  3988.7  FT/SeC 

OClhDa  4.143  PSIA 

T(1NF)e  105.0  OEGR 

POP  « 7.70  PSIA 

RHOtlNF)*  0.134E>03  8LUGS/FT3 


Ul 

CO 


WQ,iHC  ■ »fcpc  3ivrsyci!i  . _ 

voi  ITKRrtJlt'  Cts  dTlAxlCS  facility 

ARRDLO  a'  CACi:  STATION,  TE»h 


PROOFCT  KD  VAiT  >A 

SA><SO/DOTR  HYPCRBONIC  TUrBULEMT  SOUNDApY  LAYFp  INVESTIGATION 

PHASE  I 


DATE  COMPUTED  S-JUl<»7« 

■ME  PamED  ||MArt]|te  I 

Time  hePTOeo 


GROUP  42  AliPHA  VUDEL  « D,06  DEC,  DEV  PTe-22.00 
MCINFla  S.9S  ALPHA  PB  > 13.00  DEC.  (DEG  Fl 
RE(lNF)s  4,734E4-06  PEP  FT  POLL  • -0.04  DEC, 


C0NF2CUPATI0N 
7-DEG  COME 


nose  RAD1US«1N 

.0000 


TRIP 

,0100  GRIT 


DATA  TYPE 
ON-BOAPD  PRUHC 


PROBE  STATION  « 36. 4S  IN. 


OOP 

TG.l 

TG-2 

TC-3 

TC-4 

TG-5 

TC-6 

TC-7 

TG-B 

TG-9 

TG-10 

TG-ll 

TO- 12 

TG-13 

T6-14 

TG-15 

TG-16 

TG-17 

TG-13 

TO- 19 

OEGP 

OEGP 

DF.GR 

OEGP 

DEGP' 

DEGR 

degp 

DEGR 

DEGR 

degb 

DEGR 

DEGR 

DEGR 

uecr 

DEGR 

OEGR 

DEGR 

DEGR 

OEGR 

1 

704.  . 

720. 

721, 

720. 

726. 

726, 

723. 

718, 

712. 

703. 

702. 

706, 

707, 

708. 

707. 

710. 

695, 

691, 

696. 

2 

706, 

724. 

726, 

725. 

733, 

730, 

726. 

722. 

716, 

708, 

707, 

710. 

711. 

712. 

711. 

714. 

700, 

699, 

702, 

3 

713* 

729, 

731, 

731, 

737. 

735. 

731. 

727. 

721. 

713. 

712. 

715. 

715. 

717. 

716. 

712. 

706. 

706. 

709, 

4 

716, 

712. 

734, 

735, 

740. 

738. 

■»34. 

730, 

725, 

713. 

716, 

7l9. 

719. 

720, 

7l9, 

749, 

710, 

710. 

213, 

5 

71&. 

734, 

736, 

737. 

743, 

740. 

736. 

733, 

728. 

721. 

719. 

722. 

721  . 

722, 

722. 

723, 

713. 

714. 

7l6, 

6 

722, 

737, 

740. 

747, 

747. 

745. 

761, 

737. 

733, 

726, 

725. 

727  , 

726. 

727. 

727, 

723, 

719, 

720. 

7 23a 

7 

724, 

73«  . 

741. 

743, 

746. 

746, 

742. 

739. 

734, 

728. 

726. 

729. 

728, 

729, 

728, 

724. 

721. 

722, 

724  a 

a 

725. 

739. 

743. 

745. 

749. 

747. 

744. 

740. 

736. 

730. 

728. 

730. 

730. 

730, 

730. 

726. 

722, 

723. 

726. 

9 

726', 

741 , 

744, 

746. 

750, 

748. 

745, 

741, 

739. 

731. 

730, 

732. 

731, 

732. 

7T1, 

727. 

724, 

725, 

227. 

10 

727, 

741  . 

745, 

747, 

751, 

744. 

746. 

743. 

738, 

732. 

731. 

733. 

732, 

733, 

732, 

729. 

7 26. 

727. 

729. 

11 

-724, ■ 

742. 

746. 

74s, 

752. 

750, 

747. 

744. 

740, 

734, 

733. 

734. 

734. 

734. 

734. 

730. 

727  . 

72e  , 

730. 

13 

725, 

743, 

747, 

749. 

753. 

751. 

749. 

74s, 

741, 

735. 

734. 

735, 

735. 

735, 

.735. 

731. 

7 29, 

7 30, 

732, 

13 

730, 

744, 

746, 

750, 

754. 

752, 

748. 

745. 

742. 

736, 

735. 

736. 

736. 

736, 

736. 

7'i2, 

730. 

731  , 

732. 

14 

731 . 

745. 

746. 

751, 

755. 

753. 

750. 

747, 

743. 

738, 

736, 

738, 

737. 

737. 

737. 

734. 

731. 

732, 

734, 

IS 

732, 

746, 

749. 

752, 

756. 

754, 

751, 

748. 

745, 

739, 

738, 

739, 

736, 

739, 

738, 

735, 

733. 

734, 

735. 

>6 

733. 

746. 

750, 

753. 

756, 

755. 

752. 

749, 

746, 

740, 

739. 

740. 

739, 

740, 

739. 

736. 

734. 

735 , 

736  ■ 

17 

734, 

747. 

751. 

754, 

757. 

756, 

753, 

750. 

747, 

741. 

740, 

741. 

740, 

741. 

740, 

73?. 

735, 

736  . 

737, 

18 

734, 

7 47, 

751, 

754. 

75B. 

756, 

754, 

750. 

748. 

742. 

741. 

742. 

741. 

742. 

741, 

738. 

7 36, 

737, 

7 38  . 

19 

735, 

74P. 

752, 

755. 

756. 

757, 

754. 

751. 

748. 

743. 

742. 

743. 

742. 

742, 

742. 

739. 

737, 

737, 

739. 

30 

736, 

745, 

753, 

756, 

759, 

758. 

755. 

753. 

750, 

745. 

744, 

745. 

743, 

744. 

743. 

740. 

738, 

739, 

740. 

21 

737, 

749, 

753, 

756. 

760. 

759, 

■»56. 

753. 

751, 

746. 

744. 

745. 

744. 

744, 

74*. 

741  , 

739, 

739. 

241, 

32 

737  , 

750, 

754, 

757, 

761  , 

759, 

757, 

764, 

752. 

747, 

746, 

746. 

745. 

7 45, 

745. 

742. 

740, 

740, 

242, 

33 

739, 

750, 

754, 

758. 

761. 

760. 

758, 

755. 

753, 

748. 

747. 

747. 

746. 

746. 

746, 

743, 

741. 

741, 

242. 

34 

736, 

750, 

754', 

758. 

761. 

761, 

756, 

756, 

753, 

749. 

747. 

748. 

747. 

747, 

746, 

744. 

742. 

742 . 

243, 

25 

739, 

751 . 

755, 

756. 

762. 

761. 

759, 

756, 

754. 

750. 

748. 

749. 

748, 

748, 

747. 

745, 

742, 

743, 

7 44. 

36 

740, 

751, 

755. 

754, 

762, 

762. 

759,- 

757, 

755. 

7Si: 

749. 

750, 

748. 

748. 

748. 

7 45, 

743, 

743, 

7 44  . 

27 

740. 

75)  , 

755, 

754. 

762, 

762, 

759, 

757. 

756. 

751. 

750. 

7S0. 

749. 

749, 

743, 

746, 

744  . 

744, 

745. 

38 

7 40, 

752, 

756. 

759. 

763. 

762, 

760. 

758. 

756, 

752. 

750, 

751, 

749. 

749. 

749, 

746. 

74*. 

744. 

745. 

39 

740, 

752. 

756, 

759. 

763. 

762. 

760. 

758, 

756, 

752. 

751. 

751, 

750, 

750, 

7*9, 

747, 

745, 

7*4, 

246, 

30 

741 . 

752. 

756, 

760, 

763. 

763, 

761, 

759, 

757, 

753, 

752. 

752. 

751  . 

751. 

750, 

743 . 

745. 

745, 

146. 

31 

741 , 

753. 

TS6. 

760, 

764. 

763. 

761, 

759, 

758. 

753, 

752, 

752, 

751. 

751. 

750, 

748, 

746. 

746  . 

247, 

33 

742. 

753, 

757. 

760, 

764. 

764. 

761, 

■ 760, 

758. 

754. 

753. 

753, 

752. 

751, 

751, 

746, 

746, 

746. 

747. 

33 

742, 

753, 

757, 

761, 

764. 

764, 

762. 

760. 

758. 

754. 

753, 

753. 

752. 

752. 

751 , 

749. 

747. 

'746, 

747, 

34 

742 , 

■753, 

757, 

761 , 

765. 

764. 

762, 

760, 

759. 

755. 

754  . 

754. 

753. 

752. 

752, 

749. 

7 47  . 

747, 

■ 748 , 

35 

743, 

754. 

757, 

761. 

765, 

765. 

762. 

761. 

759, 

755. 

754. 

754. 

753. 

753, 

752. 

750. 

7 46. 

747. 

74S . 

36 

743, 

754, 

758. 

761, 

755. 

765. 

763, 

• 761, 

759. 

756, 

755. 

755. 

753. 

753  . 

753, 

750. 

748. 

7*8, 

748, 

37 

743. 

754, 

756. 

762, 

765, 

765, 

763. 

762. 

760. 

756. 

755. 

755, 

754, 

754. 

, 753. 

751. 

749, 

748. 

749, 

30 

744  ^ 

754. 

758 . 

762. 

765, 

766, 

764. 

762. 

761, 

757. 

756, 

756, 

754. 

754. 

754. 

751, 

749. 

748. 

749, 

39 

744. 

755, 

756. 

762. 

766. 

766. 

764. 

762. 

761. 

757. 

756, 

756. 

755. 

755. 

754, 

752, 

750, 

749. 

750, 

40 

744, 

755, 

759. 

' 762, 

766, 

766. 

764, 

763. 

761, 

758, 

757, 

757. 

755. 

755, 

754 , 

752, 

750. 

749, 

750, 

mo.lHC  - *KOC  oivisior: 

A SVERDH  COHHut'*TlC»  COHPAkY 
VOW  PfAPHk..  G»a  D''VA>:1CS  VACILITY 
ARNOLD  AIR  FORCE  STATION r TtNK 

SAK&O/OOTIt 


r 


PROJECT  ^:0  V418-K6A 
hYPERSDMlC  TUPBULRtCT  BOUNDARY 
PHASE  Z 


LAYER  INVESTIGATION 


dMlTEDMR-Jll0V  ■ 

date  recorded  3,^*  ’AN-18 
TIKE  RECOROCO  .Si  9 


GROUP 

MCINFIn  S.9S 

REllNriN  4.72AE+0S  PER  FT 


alpha  NODEL  ■ 0,06  DKG,  DEN  PT®-T2,00 
ALPHA  PS  » 13.00  OeC,  (DEG  F) 
ROLL  * -0,04  DEG. 


configuration  NOSE  PAD1US»IN 

7-OEC  CONE  ,5000 


TRIP 

.0100  GRIT 


UNSHIELDED  TENPGRATUPE  PROBE  CORRECTIONS 
ON-BOARD  PROBE 


lOP 

2U 

PO 

TO 

PPII 

(IN] 

(PSIA) 

(DCGR) 

(PSIA) 

1 

0.0048 

250,23 

847. 7 

0.576 

2 

Q,0l58 

244.83 

R49,7 

0.826 

3 

0,024  i 

250,33 

849.7 

1,493 

4 

0,0343 

352.24 

845.7 

1.927 

s 

0,0444 

251.94 

848.7 

2.144 

6 

0,0543 

251,24. 

849,7 

2.297 

7 

0,0633 

251.34 

650.7 

2.451 

8 

0.0733 

250,53 

847.7 

2,604 

9 

0.0848 

250,33 

847,7 

2.772 

10 

0.0963 

249.93 

850.7 

2.927 

11 

0.1043 

249.83 

950.7 

3,093 

13 

0,1268 

249.62 

850.7 

3.388 

13 

0,1478 

249,43 

849.7 

3,820 

14 

0.1653 

249.93 

846.7 

4.132 

15 

0.1848 

249.93 

8 4n,7 

4.608 

IS 

0.2043 

350.53 

849.7 

5.051 

l7 

0.2343 

350.53 

846.7 

5,521 

|8 

0.2448 

250.33 

846.7 

6.049 

19 

0,2633 

251.03 

849,7 

6,572 

20 

0.2868 

250,63 

846,7 

7.246 

31 

0.3063 

250.83 

846,7 

7,873 

22 

. 0.3247 

350.93 

846.7 

8,474 

33 

0.3452 

2St.S4 

846,7 

9.158 

24 

0,3647 

251,34 

849,7 

9,743 

35 

0.3852 

252. 24 

849,7 

10.392 

36 

0,4047 

253.14 

849,7 

10.693 

27 

0,4237 

252.14 

849,7 

10.974 

38 

0.4«42 

251.44 

849.7 

11.185 

29 

0,4657 

251,54 

846.7 

11.334 

30 

0.4643 

251,44 

846,7 

11.436 

31 

0,5052 

350,73 

S49,7 

U.644 

32 

0.6037 

350,83 

846.7 

11.691 

PROBE  STATION  e 


PPU/PO  HUI 


0.0033 

0,0033 

0.0060 

0,0077 

O.OOSd 

0.0092 

0,0096 

0,0104 

o.oin 

o.oin 

0.0123 

0.0135 

0.0152 

0.0I6S 

0.01R4 

0.0202 

0.0220 

0.0241 

0.0262 

0.O2B9 

0.0314 

0.0338 

0.0365 

0.0389 

0.0411 

0.0426 

■0.0438 

0.0446 

0.0452 

0.0456 

0.0465 

0.0466 


0.9S 

1.24 

1.7R 

2.06 

2.18 

2.26 

2.34 

2.43 

2.50 

2.57 

3.b5 

2.7R 

2.96 

3.09 
3.27 
3.42 
3,59 
3.76 

3.92 
4.12 
4.30 
4.46 
4.64 
4,79 

4.93 
5.03 

5.09 
5.14 
5,18 
5.20 

5.25 

5.26 


36.45  IN. 


RED 

ETA 

tuum/tq 

42.70 

0.674 

0.861 

57.31 

0.875 

0.875 

88.45 

0.878 

0.887 

106.48 

0.879 

0,992 

115.00 

0,880 

0,495 

120.91 

0.880 

0,898 

136.81 

0.980 

0.400 

133.52 

0.881 

0,903 

138.77 

0,881 

0,905 

144.63 

0.891 

0.906 

150.98 

0.893 

0.907 

161.71 

O.B82 

0.911 

177.80 

0.883 

0,913 

189.23 

0.604 

0.915 

206,67 

0,885' 

0.918 

232,72 

0.89$ 

0,920 

340.09 

0.886 

0,931 

259,46 

0.887 

0.923 

379.57 

0,888 

0.924 

303,73 

0.889 

0.924 

327,70 

0.890 

0.923 

350.18 

0.891 

0.923 

376,33 

0.891 

0,921 

399,50 

0.892 

0,919 

431.56 

0.893 

0,9l7 

437.69 

0.894 

0,9l4 

449,43 

0.894 

0.913 

468,14 

0,894 

0,913 

463.81 

0,894 

0.913 

468.05 

0,894 

0.911 

476,37 

0.895 

0.911 

478,17 

0.895 

0.911 

TDUl 

TOUI/TO 

UUI 

(DEGR) 

(FT/SEC) 

745. 

0.979 

1165.05 

765. 

0.902 

1473,90 

790, 

0.931 

1922.31 

801 , 

0.944 

2100.3$ 

807. 

0,951 

3173.88 

811. 

0.,956 

3320,42 

815. 

0.960 

2263.89 

S19, 

0.965 

■3)03.51 

822. 

0.969 

3343,68 

624. 

0.972 

337b, 69 

827. 

0.975 

3409.94 

932, 

0,981 

2464,90 

637j 

0.987 

2531.23 

841, 

0,991 

3574.12 

845, 

0.996 

2629,55 

849. 

1.001 

2674,41 

851, 

1.004 

2714.38 

854, 

1.007 

3753.03 

856, 

1.009 

2786.46 

857, 

1.011 

3821.48 

857. 

1.010 

2847.51 

■ 858. 

1 .011 

2870.80 

857. 

1.010 

2893.00 

855. 

1.008 

3905.61 

853, 

1.006 

3916.50 

851. 

1.003 

2932,22 

850. 

1,002 

2926,98 

849, 

1.001 

2929.68 

849. 

1.001 

2932,84 

846. 

1.000 

3932.64 

848. 

1.000 

2937,27 

848, 

1.000 

3938,30 

PACE  TOO 


GRJirP  42 


LOOP 

Z» 

Pit 

TO 

PFO 

PaU/PO 

(IN) 

(PSTA) 

(OFCP) 

(PSIA) 

33 

0.7037 

250.23 

847.7 

1 t .754 

0.0469 

34 

0.8052 

250.83 

846.7 

11,780 

0.0470 

35 

0.9047 

250.33 

846.7 

11.783 

0.0470 

16 

1,0067 

250.13 

849,7 

11.788 

0.0470 

37 

1,5051 

249.73 

849.7 

11.737 

0.0468 

3B 

2.0011 

249.83 

849,7 

11.440 

0.0456 

39 

3,0025 

249.22 

847,7 

10,744 

0.0429 

40 

3,8844 

249,73 

847, 7‘ 

9,617 

0.0384 

KUI 

RF.U 

eta 

TOUK/TO 

TPUl 

(DECK) 

TOUI/TO 

UUI 

IFT/SEC) 

5.27 

480.55 

0.895 

0.9J1 

848, 

1.000 

2939.43 

5.28 

482.30 

0.895 

0.910 

847. 

0,999 

3938.01 

5,28 

481,66 

0.895 

0.9ll 

848, 

1.000 

2940.00 

5.38 

482,59 

0.895 

0.910 

847. 

0,999 

3938.16 

5.27 

480.67 

0.895 

0.910 

847. 

0,999 

2937.17 

5,20 

469.31 

0.895 

0.910 

847. 

0,998 

2931,19 

5,04 

442,74 

0.894 

0.910 

647. 

0.998 

2915.97 

4.76 

400.33 

0.892 

0.908 

845, 

0,996 

2884.99 

CALIBRATION -CONSIArtTS 

AOB  a.BSO£-OI  Als  !.A63e-03  A2s  O.OOOE+OO  ’ A3»  O.OOQE+00  A4a  O,0O0E+OO 


HtAN  VALUES 
PO  a 250.67  PSIA 
To  E 64R.4  DCGR 
PCINFlE  0.1671  PSXA 
PECIPDb  0,472E+07  PER  FT 
PUdNFlB  0.B45E-07  LBF-SEC/FTT 


U(1NF)>  29fla.7  FT/SEC 

Q(INr)«  4,142  PSIA 

TCINF)b  105.0  DelGR 

pop  > 7.70  PSIA 

RHO(IKF)«  0.134C-C)'3  SLOGS/FTS 


Y 


*R0»,'  * - tEDC  DIVISION 

A sv  .mip  coKPopATinw  cokpamy 

VOft  KARHAM  CAS  OYAAfllCS  FACIIITY 
ARtrOLD  AIR  FORCE  STATlOW,  TthK 


PROJECT  NO  V41B-W6A 

SAM50/DDTR  HYPERSONIC  TUftSULENI  BOUNDARY 

PHASE  I 


LAYCP  investigation 


D*IE  CGrPUTEC  t-JVL-'V 
DATE  RECORDED  3l-jA=4*7e 

time  recorded  It 45 1 9 


CROUP  42 
HlINrjs  S.«5 

RECXNF)=  4>T24Ct0s  PER  FT 


alpha  model  ■ 0.06  DEC.  pCM  PT»“22,00 
ALPHA  PB  ■ 13.00  DEC,  (DEC  FI 
ROLL  ■ -0,04  DEG, 


CONTIGOBATiON  NOSE  RADIUS, IN  TRIP 

7-DEC  cone  ,5000  ,0100  GRIT 


DATA  TYPE 
ON-BOARD  PROBE 

boundary  layer  VALUES 


PROBE  STATION  b 36.45  IN. 


DELU  = 0.4267  IN, 

0ELU*8  0.1555  IN, 

DELU2S  0.0159  IN, 

OELU3S  0.0251  IK, 

OELU4S  O.OOOe  IN, 

HUl  B 12.379B 

HU2  B 0,5475 

TEU  ■ liSO.4  OECR 

UUE  B 2927.3  FT  PER  SECOND 

RHOUe*  i.9AlE-04  SLUGS  PER  FT3 


MEAN  VALUES 
PO  * 250.67  PSIA 
TO  a 848.4  DEGR 
PC1NF)b  0.1671  PSIA 
• RECirJFIs  0.472E-f07  PER  FT 
MU(1NF)b  0.B45E-C7  LBF>SEC/FT2 


UflHFlB  2988.7  FT^'SEC 

OtlNFlB  4,142  PSIA 

T(INF)b  lOS.O  OECR 

POP  * 7.70  PsIA 

RHO(INF)»  0.134E-03  SLUCS/FT3 


IV- 7. 


NOMENCLATURE:  OVERHEAD  PROBE  FLOW-FIELD  DATA 


PRINTOUT  PAGE  ONE 

ALPHA  MODEL 

Model  angle  of  attack,  deg 

ALPHA  PB 

Support  a ting  prebend  angle,  deg 

CONFIGlfRATION 

Model  configuration  (see  Fig.  2) 

DATA  TYPE 

Type  of  data  tabulated 

DEW  PT 

Free-stream  flow  frost  point,  “F 

GROUP 

Data  group  number 

LOOP 

Data  point  identification  number 

M(INF) 

Free-stream  Mach  number 

! 2 

MU (INF) 

Free-stream  viscosity,  Ibf-sec/ft 

NOSE  RADIUS 

Model  nose  tip  radius,  in. 

P(INF) 

Free-stream  static  pressure,  psia 

PO 

Tunnel  stilling  chamber  pressure,  psia 

POP 

Free-stream  total  pressure  downstream  of  a 
normal  shock,  psia 

POO 

Overhead  probe  pitot  pressure,  psia 

PROBE  STATION 

Probe  station  location  measured  along  model 
surface  from  model  nose  tip,  in. 

RE (INF) 

Free-stream  Eleynolds  number  per  foot 

ROLL 

Model  roll  angle,  deg 

TO 

Tunnel  stilling  chamber  temperature,  ®R 

TOO 

Unshielded  thermocouple  probe  reading,  “R 

TRIP 

Boundary-layer  trip  configuration  - sphere  and 
grit  dimensions  stated  in  inches 

TWX 

Model  wall  temperature  at  probe  survey  station 

U(INF) 

Free-stream  velocity,  ft/sec 

ZO 

Pitot  probe  height  above  model  surface,  in. 

ZOT 

Height  of  unshielded  thermocouple  probe  above 
model  surface,  in. 

63 


PRINTOUT  PAGE  TWO 


All  heading  information  is  identical  to  page  one. 

TG-1  - TG-19  Garden  gage  case  temperature,  ®R 

PRINTOUT  PAGE  THREE  (UNSHIELDED  TEMPERATURE  PROBE  CORRECTIONS) 
All  heading  information  is  identical  to  page  one. 


AOO  - A04 

ETAO 

LOOP 

MOI 

PO 

POOI 

ROD 

TO 

TOOI 

TOUM 

UOI 

XP 

ZOT 


Calibration  constants 

Effective  probe  recovery  factor 

Data  point  identification  number 

Local  Mach  number  at  survey  point 

Tunnel  stilling  chamber  pressure,  psia 

Local  interpolated  pitot  pressure,  psia 

Local  Reynolds  number  at  survey  probe 

Tunnel  stilling  chamber  temperature,  “R 

Local  corrected  total  temperature  at  survey 
point , ®R 

Unshielded  thermocouple  probe  reading,  ®R 

Local  flow  velocity,  ft/ sec 

Probe  longitudinal  location,  counts 

Height  of  unshielded  thermocouple  probe  above 
model  surface,  in. 


PRINTOUT  PAGE  FOUR  (BOUNDARY-LAYER  VALUES) 

All  heading  information  is  Identical  to  page  one. 


DEL 

Boundary -layer  thickness,  in. 

DEL* 

Displacement  thickness , in . 

DEL2 

Momentum  thickness , in . 

DELS 

Kinetic  energy  defect,  in. 

DEL4 

Total  enthalpy  defect,  in. 

HI 

Shape  factor,  DEL*/DELZ 

H2 

Shape  factor,  DEL2/DEL3 

RHOED 

Static  density  based  on  TED,  Slugs/ft^ 

TED 

Total  temperature,  at  boundary-layer  edge,  “ 

UOED 

Flow  velocity  at  boundary- layer  edge,  ft/ sec 
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AROflKC  - ACDC  DI Vision 
A SVRRDRUP  CORVORATZOR  COMPART 
TON  NARNAN  CAR  OTNAHtCO  PACZLITT 

ARNOLD  AIR  PORCE  STATXOH.  TERR  PROJECT  NO  V4IB-NAA 

BAMSO/DOTR  HTPERBONIC  TURBULENT  BOUNDART  LAYER  XNVESTXOaTXON 

PHASE  X 


DATE  COMPUTED 
DATE  RECORDED 
TIME  RECORDED 


6RQUP  IB  ALPHA  MODEL  ■ •0,01  deG.  DEM  PTB-aa«00 
MCINPIR  5.9S  ALPHA  PB  ■ tX.OO  DEO,  (DEO  P) 
RECIRPI*  4,711E«06  PER  PT  ROLL  ■ 90,14  DEO, 


CORPXGORATIOR  ROBE  RADXUBfXM 
T^DEG  CONE  BHARP 


DATA  TYPE 

OVERHEAD  PROBE  PROBE  BTATIDN  ■ 19,10  XN. 


pOOP 


2 


Ln 


0 


} 

1 

1 

1 


PO 

TD 

PIHP 

POP 

2Q 

POO 

POO/POP 

EOT 

Too 

TOO /TO 

PHI 

(PSIA) 

(DFGR) 

(P5ZA) 

(PStAJ 

(IN) 

(PSIA) 

(ZR) 

(DEGR) 

249.52 

847.7 

0.166 

7.661 

0.0060 

0.568 

0.074 

-0.0000 

7S6> 

0.891 

0.93 

249,19 

845,7 

0,167 

7,667 

0,0115 

1.989 

0.180 

0,0074 

762, 

0.900 

0,93 

249,62 

846.7 

0,166 

■ 7,664 

0,0295 

2.219 

0,289 

0,0194 

769, 

0.901 

0.91 

249,42 

847.7 

0,166 

7.658 

0,0915 

2,517 

0,928 

0,0274 

764, 

0.902 

0.91 

249,22 

845,7 

0.166 

7.651 

0.0495 

2.798 

0,156 

0.0374 

765. 

0.901 

0.33 

249,72 

• 47,7 

0,166 

7,696 

0,0999 

2.942 

0.981 

0,0474 

766. 

0,904 

0.11 

249.42 

«45.7 

0,166 

7.698 

0.0640 

3,188 

0.415 

0,0579 

768. 

0.907 

0.19 

249.89 

847,7 

0,167 

7,670 

0.0795 

3.429 

0.446 

0,0674 

770, 

0.909 

0.99 

249,22 

847,7 

0,166 

7.6SI 

0,0840 

9.692 

0.481 

0,0779 

772. 

0.812 

0,91 

249,22 

845,7 

0,166 

7,651 

0.0945 

3.998 

0.513 

0,0884 

779. 

0.813 

0,91 

250.09 

846,7 

0,147 

7,676 

0.1095 

4,205 

0.547 

0,0974 

V74, 

0.814 

0.39 

25t.14 

845,7 

0.168 

7,729 

0.1240 

4.812 

0.626 

0,1174 

777. 

0.917 

0,99 

253,25 

"42.7 

0.169 

7,775 

0.1490 

S.368 

0,699 

0,1369 

780. 

0.921 

0.99 

251,94 

846.7 

0,168 

7,799 

0.1690 

5.993 

0,780 

0.1569 

784. 

0,926 

0,39 

251.74 

848,7 

0.168 

7.729 

0.1845 

6,666 

0.860  . 

0,1784 

789. 

0.932 

0.39 

249,02 

848. T 

0.166 

7,645 

0.2090 

7.245 

0.941 

0.1969 

791. 

0.934 

0.99 

248.42 

849.7 

0.166 

. 7,627 

0.2250 

8,002 

1,042 

0,2189 

799, 

0,996 

0.91 

249,92 

847,7 

0.166 

7.655 

0.2440 

8.761 

1,140 

0,2979 

794, 

0.996 

0.13 

248.62 

847,7 

0.166 

7.691 

0.2635 

9,500 

1,237 

0.2574 

T84, 

0.938 

0.33 

292.14 

849.7 

0.168 

7.741 

0.2815 

10,384 

1.152 

0,2774 

799, 

0.996 

0,33 

751.74 

846,7 

0,168 

7,729 

0,3035 

10.997 

1.431 

0,2974 

799. 

0.935 

0,93 

250,93 

844.7 

0,167 

7,704 

0.3230 

11.49B 

1.497 

0.9169 

791. 

0,894 

0.93 

251,44 

845,7 

0,168 

7.719 

0.9425 

11,888 

1.547 

0.3964 

790, 

0.839 

0,33 

250,73 

847,7 

0.167 

7,698 

0,3640 

12,122 

1.578 

0.9579 

789, 

0.932 

0.33 

251,14 

844,7 

0,167 

7,710 

0.3840 

12.252 

1.59S 

0.9779 

788. 

0,990 

0.33 

250,89 

845,7 

0.167 

7.701 

0.4025 

12.114 

1.601 

0.9964 

787. 

0.929 

0.33 

251.14 

847,7 

0.167 

7.710 

0.5090 

12.996 

1.606 

0.4989 

787, 

0.929 

0.33 

250.33 

847.7 

0.167 

7,685 

0.6050 

12.298 

1.601 

0.5988 

787, 

0,929 

0,39 

250,91 

•47,7 

0.167 

7,704 

0.7090 

12.272 

1.597 

0.6868 

787, 

0.928 

0.33 

250,11 

945.7 

0.167 

7,679 

1,0045 

12.218 

1,990 

0,9969 

787, 

0.829 

0.31 

250,43 

•47,7 

0,167 

7.689 

2,0020 

11.814 

1.918 

1.8957 

787, 

0.829 

0.11 

250,11 

849.7 

0.167 

7.679 

9.0045 

11,247 

1.464 

2.9961 

787, 

06929 

0.13 

249, «2 

•49,7 

0.16* 

7,6*4 

4,0020 

7.662 

0,997 

I,**** 

788, 

0.990 

0.11 

TNI 


ae-juR-TB 

lO-JAN-TB 

oiiati? 


TRIP 

MORE 


Sample  Data:  Overhead  Probe  Flow-Field  Data 


MAE  TNO 


GROUP  It 


LOOP 

PO 

TO 

PIMP 

POP 

SO 

POO 

POO/POP 

EOT 

TOO 

TOO/TO 

PMt 

TNI 

(PSXA) 

(DEGR) 

(PSXAl 

(PSXA) 

fINl 

(PSXA) 

(IN) 

(DECR) 

94 

390.29 

047.7 

0.167 

7.602 

4.4990 

7.690 

0.996 

4.4929 

707. 

0.929 

0.931 

743 

99 

349.92 

047.7 

0.166 

7,699 

0.9909 

13.100 

1.979 

0.9939 

707. 

0.939 

0.939 

743 

99 

349.03 

049.7 

o.tst 

7.649 

0.3490 

12.066 

1.971 

0.2429 

709. 

0.993 

0.111 

742 

MEAN  VALUES 
PO  ■ 390.23  PSIA 
TO  ■ Itt.S  OECII 
P(ZNP)b  0.1660  PSXA 
RE(inr)a  0,479Et07  PER  PT 
MU(XNr)a  0,049E-OT  LBP»SEC/rta 
XP  ■ -1.  CTS 


UdNPJa  2909. 9 PT/SEC 

OCXNP)»  4,199  PSXA 

TfINP)a  104.0  OSGR 

POP  a 7. OS  PSXA 

RNOCINPla  0.194E-01  SLUGS/PT9 


AROtlHC  - *EOC  DIYISIOW 

» bvbrmup  corporation  compant 
ton  rarhan  gas  dtnanics  pacilxtt 
ARNOLD  AIR  PORCC  STATION v TERN 


DAT!  COMPUTED  a<-jUR«7l 
DATE  RECORDED  10«JAN-7B 
TIME  RECORDED  OliailT 


PROJECT  NO  V4IB*WSA  ^ 

sanso/dotr  htpbrsowic  turbulent  boundart  later  investigation 

PHASE  I 


ALPHA  model 
ALPHA  PS 


DEN  PTB^aaiOO 
fDEC  r) 


CONPIGURATION 
T*DEG  CONE 


nose  radius t in 

SHARP 


TRIP 

NONE 


T6*1T  T6*1>  TG-IT 
DEGR  DEGR  DEGR 


DATE  COMPUTED  IA-JVII*7» 
DATE  MCCQRDED  ie>JAM»TI 
TIME  RECORDED  OliailT 


AROfIRC  - AEDC  DIVZSXOR 
A SVERDRUP  CORPORATION  COMPART 
VON  RARNAH  GAS  DTRAHICS  PACSLITT 

ARNOLD  AIR  PORCE  STATION*  TERN  PROJECT  NO  V41S-MSA 

SANSO/DOTR  HTPEpSONlC  TURSULENT  SOUNDARX  LATER  XNVESTZGATXOR 

PHASE  Z 


GROUP  IS  alpha  model  ■ •O.OB  DEG,  DEN  PTa*aa.OO  CONriOURATZOR  NOSE  RADtUSplN  TRIP 
MCtRrJa  S.9S  ALPHA  PS  ■ 13,00  DEG.  (DEG  P)  T-DBG  CONE  SHARP  HONE 
REdNPla  S.TJIEVOS  PER  PT  ROLL  • SO, 36  DEG. 


UNSHIELDED  TEHPERATORC  PROBE  CORRECTIONS  PROBE  STATION  ■ 39,S0  ZN. 

OVERHEAD  PROBE 


EOT 

(lU) 

PQ 

(PSTA) 

TO 

(DECR) 

pool 

(PSZA} 

PDOZ/PO 

NOZ 

ROD 

btao 

TOO/TO 

TOOZ 

(DEGR) 

TOO! /TO 

UOZ 

(PT/8EC1 

0.0000 

249.52 

047.7 

0.331 

0.0013 

0,09 

3,04 

0,925 

0.893 

756. 

0.093 

123.00 

0.0074 

249.73 

• 45,7 

0.T2S 

0.0029 

1.12 

50.97 

0,922 

0.900 

774, 

0.914 

1361.92 

0.0194 

249,62 

046,7 

1.790 

0,0072 

1.95 

103,07 

0,920 

0.901 

790, 

0.933 

2024.54 

0.0274 

249,42 

047,7 

2.292 

0.0092 

2.23 

124.14 

0.920 

0.902 

795. 

0.940 

2101,36 

0.0374 

249.22 

• 45,7 

2,604 

0.0194 

2.38 

137.09 

0,920 

0.903 

799. 

0.944 

2260,39 

0.0474 

248.72 

• 47,7 

2.010 

0.0113 

2.49 

145.71 

0,919 

0.904 

001. 

0,947 

2307.96 

0.0S70 

249.42 

045,7 

3,046 

0.0122 

2.59 

154.55 

0.919 

0,907 

005, 

0,951 

2354,90 

0.0674 

249,93 

• 47.7 

3.273 

0,0131 

2.69 

163,36 

0.919 

0,909 

800. 

0.955 

2398,05 

0.0779 

249.22 

047. 7 

3,537 

0,0141 

2.80 

173.45 

0,919 

0.912 

012. 

0,959 

2442,60 

0.0684 

249,22 

045,7 

3,796 

0.0152 

2.91 

103.40 

0,919 

0,913 

014. 

0.962 

2400.67 

0.0974 

250,03 

846.7 

4.025 

0.0161 

3.00 

192.29 

0.910 

0.914 

• 16. 

0,965 

2511.77 

0.1179 

251,74 

045,7 

4.632 

0.0195 

3.23 

215.29 

0.918 

0,917 

■22, 

0,971 

2504.10 

0.1364 

>53.25 

042.7 

5.190 

0.0207 

3.42 

235,94 

0,919 

0.921 

■27. 

0.977 

2040.25 

0.1569 

251.94 

046.7 

S.BOl 

0.0232 

3.63 

259,10 

0.917 

0.926 

■ 34. 

0.985 

2694.37 

0,t7S4 

251.74 

840.7 

6.476 

0,0259 

3.04 

201.69 

0,917 

0.932 

■ 41. 

0,993 

2746.57 

0.1969 

249.02 

• 49.7 

7,055 

0,0282 

4.01 

302.67 

0.916 

0.934 

044, 

0,990 

2702.10 

0.2169 

249.42 

845.7 

7,792 

0.0311 

4.22 

329,50 

0.916 

0.936 

040. 

1.002 

2021,04 

0.2379 

249.32 

047,7 

0.518 

0.0340 

4.41 

356.10 

0.916 

0.930 

051. 

1,005 

2052.50 

0.2574 

240.62 

847,7 

9.269 

0.0370 

4.61 

394.01 

0.915 

0.930 

■52. 

1.007 

2079.10 

0.2774 

252,14 

• 43.7 

10.114 

0.0404 

4.02 

414.10 

0.915 

0.936 

■52. 

1.007 

2901.14 

0,2974 

251.74 

846.7 

10.010 

0.0432 

4.90 

442.72 

0.914 

0.935 

052. 

1,007 

2920,10 

0.3169 

250,93 

844.7 

11.341 

0,0453 

5,10 

463.10 

0,914 

0.934 

052, 

1.006 

2931.20 

0,3364 

251.44 

045.7 

11,766 

0.0470 

5.20 

479.69 

0.914 

0.933 

051. 

1,006 

2930,97 

0,3579 

250.73 

847.7 

12.055 

0.0402 

5,27 

491,19 

0.914 

0.932 

■ 51. 

1.005 

2943.33 

0.3779 

251,14 

944,7 

12.212 

O,O490 

5.30 

497,79 

0.914 

0.930 

■00, 

1.004 

2944.72 

0,3964 

250.03 

•45,7 

12,293 

0.0491 

5.32 

501.56 

0.914 

0.929 

>69. 

1,003 

2944.52 

0,4989 

251.14 

• 47,7 

12.334 

0.0493 

5,33 

503.10 

0,914 

0.929 

949, 

1.003 

2945,35 

0.5960 

250,33 

047.7 

12.300 

0.0492 

5,32 

501.01 

0.914 

0.929 

049. 

1.003 

2944,66 

0.S96S 

250.93 

047,7 

12.273 

0,0490 

5.31 

500,02 

0.914 

0.929 

049. 

1.003 

2944.13 

0.9903 

250,13 

045.7 

12,219 

0.049I 

5*30 

498.70 

0,914 

0.929 

049, 

1.003 

2943.01 

1,9957 

250.43 

047.7 

11.017 

0.0472 

5.21 

403.75 

0.914 

0,929 

040, 

1.002 

3934.52 

2,9981 

250.13 

045,7 

11.250 

0,0450 

5,00 

462,55 

0.914 

0,929 

■60. 

1.001 

2931.09 

0 


FA6C  TWO 


CROUP  S» 


boop 

ZOT 

PD 

(IN) 

(PBIA) 

11 

3.99SS 

349.62 

14 

4. 4935 

390.31 

18 

0.9931 

349,13 

16 

0.3439 

349,03 

TO 

pool 

POOt/PO 

(DE6R) 

(PBXA) 

140.7 

7*At6 

0.0107 

847.7 

7.680 

0.0306 

947,7 

13.330 

0,0408 

140.7 

8,718 

0.0348 

MQI 

ROD 

EtAO 

4.19 

337.96 

0.916 

4.18 

137.11 

0.916 

0.30 

498.83 

0,914 

4.47 

366.38 

0.910 

TOO/TO 

TOOX 

(DEGR) 

TOOX /TO 

0.990 

84S. 

0.998 

0.939 

■43. 

0.994 

0,939 

049. 

1.001 

0.933 

846. 

0.999 

C&LimTlON  COUCTANTB 

*00»  TsTilRaOl  AOlB  «8,B40K«04  A08*  0*QOOB«fiO  AOS*  0*OOOEtOC  A04«  B.OOflEtOO 


UOX 

(rr/BEc) 

alOTi44 

aB«4,0B 

3941.0} 

3800.97 


MEAN  fAbUCB 
PO  m 350.83  PBIA 
TO  ■ 046.0  DECM 

PflMriB  0.1468  PBXA 
RS(XNP)a  0.471E407  PEE  PT 
NOCXErlB  0.049C-07  LBP-8Be/PT3 
XP  • •!,  CTS 


V(XKp}B  390f.S  FT/BEC 
etXKP)ii  4*119  PBXA 
TCXXPla  104.8  OEGR 
POP  m 7.00  PBXA 
RHpdKPla  0.114E*0l  BbUOS/PTl 


MOfINC  - REOC  DlVISlaN 
A SVrRDRaP  CORPORATION  COMPART 
TON  KARNAN  6AA  OTMANZCI  rACZLlTT 

ARNOLD  AIR  PORCB  NTATlONf  TCNH  RROiiecT  NO  V41B*MSA 

NANBO/DOTR  HTPERBONIC  TURBOtrENT  BDOROART  LATER  ZNVEBTZOATZON 

PHASE  Z 


DATE  COMPUTED 
DATE  RECORDED 
TIME  RECORDED 


CROUP  36 
N(XNn*  B.T6 

PECINn*  4.73tB*06  PER  PT 


ALPHA  MODEL  ■ -0.08  DEG.  DEN  PTb-OO.OO 
ALPHA  PB  ■ 11.00  DEG.  (PEG  P) 
ROLL  ■ fO.16  DBG. 


CORPZODRATIOM 
7-DEG  CONE 


DATA  TTPE 

OVERHEAD  PROBE  PROBE  STATION  ■ 10.80  IN. 

BOUMDART  LAYER  VALUES 


■OSS  RADIUS f IN 
SHARP 


DEL  ■ 0.3401  IN. 

DEL*  ■ 0.1480  IN. 

DEL!  ■ 0.0126  IN. 

DELS  ■ 0.0232  IN. 

DBL4  ■ 0.0026  IN. 

Ml  B 11.7809 

H2  B 0.9416 

TED  « 851.0  DEGR 

OOEDb  2941.1  PT  PER  SECOND 

RNOEDB  a.l30B-04  BLOGS  PER  PTl 


o 


KEAN  VALUES 
PO  B 280.21  P81A 
TO  B 846.5  OEGR 
PIINPJB  0.1668  P8ZA 
REdNPSa  0.4T1E*0T  PER  PT 
NOdNPJa  O.841B-07  LBP-SBe/Pf8 
XP  a -1.  CTB 


OdNP)B  398S.S  PT/SEC 

QdNPJB  4.135  PSIA 

TdNPja  104.8  DEGR 

POP  a 7.68  PSIA 

RKOflNFlB  0.114E-01  SLOOS/PTI 


36-JUN-7B 

lO-JAN-78 

otiaii7 


TRIP 

KORE 


